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PEEFACE. 


Eighteen  Tears  have  elapsed  since  the  Author's  work  entitled 
'Adulterations  Detected  in  Food  and  Medicine'  was  pub- 
lished. 

Since  that  date  the  knowledge  of  the  subject  of  the  Adulte- 
ration of  Food  has  greatly  extended,  and  the  methods  for  its 
detection  have  become  much  more  definite  and  precise. 

During  the  whole  of  the  intervening  period  the  author  has 
himself  been  unceasingly  occupied  with  the  subject,  having 
made  numberless  analyses,  and  having  been  constantly  en- 
gaged in  special  investigations  relative  to  the  adulteration  of 
certain  articles  of  food. 

Although  in  the  present  work  the  Author  has  followed 
somewhat  the  method  adopted  in  his  previous  books  on  the 
same  subject,  yet  the  volume  now  published  contains  a  large 
amount  of  additional  matter,  several  of  the  subjects  being 
treated  of  for  the  first  time,  as  the  articles  on  Food,  its  Func- 
tions and  Quantity;  The  Preservation  of  Food;  Unwholesome 
and  Diseased  Meat ;  Water;  Aerated  Waters;  Lime  and  Lemon 
Juices;  CiderandPerry;  Tinned  Vegetables;  and  the  Utensils 
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employed  in  the  Preparation  and  Storage  of  Food ;  wHle 
nearly  the  whole  of  the  articles  which  are  not  entirely 
new  have  been  much  extended  or  entirely  re-wrifcten.  The 
Author  has  therefore  deemed  it  best  to  bring  the  book  out 
under  a  new  title,  and  not  as  a  fresh  edition  of  his  former 
.  work,  'Adulterations  Detected.' 

He  now  desires  to  record  the  obligations  he  is  under  to 
his  assistant,  Mr.  Otto  Hehner,  who  has  ably  and  cheerfully 
rendered  him  much  valuable  aid,  more  particularly  in  the 
purely  chemical  portions  of  the  work. 


St.  Catherine's  House,  Ventnob  : 
November  1876. 
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FOOD: 


ITS  ADULTERATIONS 

AND 

THE  METHODS  OF  THEIR  DETECTION. 


CHAPTER  I. 

ON  FOOD,  ITS  FUNCTIONS  AND  QUANTITY. 

It  will  facilitate  tlie  compreliension  of  much  tliat  is  to  follow,  and 
enable  us  to  answer  questions  which  will  be  often  put  to  us  as  to  the 
qualitj^,  genuineness,  wholesomeness,  and  quantity  of  the  various  kinds 
of  food  consumed,  if  we  first  bestow  a  few  observations  upon  the 
functions  performed  by  the  several  classes  and  kinds  of  food,  and  the 
.  amounts  necessary  to  the  growth,  sustenance,  and  maintenance  of 
/the  body  in  a  state  of  health. 

The  bodies  of  men  and  animals  are  built  up  of  several  substances ; 
some  of  these,  from  the  fact  of  theii-  containing  nitrogen,  are  called 
nitrogenous ;  others,  being  destitute  of  that  principle,  ai-e  termed  non- 
nitrogenous,  or  carhonaccous,  mineral  constituents,  and  loater. 

The  principal  niti'ogenous  substances  of  the  animal  body  are  fibrin, 
found  in  the  blood  and  muscles ;  albiunen  and  globulin,  aboimding  in 
the  blood ;  gelatine,  in  the  bones,  tendons,  and  ligaments  ;  and  casein,  in 
milk  j  while  the  chief  non-nitrogenous  constituent  is  fat ;  they  are 
identical  in  their  ultimate  composition,  and  contain  carbon,  hydrogen, 
nitrogen,  oxygen,  and  sulphur,  in  the  following  proportions : — 

Carbon   53-5 

Hydrogen   7-0 

Nitrogen   15-8 

Oxygen   22-1 

Snlphor   l.g 

lOO'O 

Now,  the  vegetable  has  a  composition  resembling,  in  the  main,  that 
ol  the  animal,  it  containing  analogous  nitrogenous  pubstances,  though 
usuaUy  an  smaller  amounts ;  while  the  fat  is  represented  chiefly  by 
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sugar  and  starch,  thougli  in  some  exceptional  cases  &t  or  oil  is  met 
with,  as  in  the  seeds  of  various  plants.  All  the  nitrogenous  substances 
entering  into  the  composition  of  the  human  and  other  animal  bodies  are 
derived,  either  directly  or  indirectly,  from  the  vegetable  kingdom,  the 
vegetable  being  constructive  and  the  animal  destructive. 

The  nitrogenous  elements  are  capable,  under  some  circumstances, 
of  furnishing  both  fat  and  sugar  ;  thus,  there  is  evidence  to  show  that 
the  fatty  matter  of  milk  and  the  sugar  of  diabetes  are  thence  derived, 
at  least  to  some  extent.  Agaia,  starch  and  sugar  are  sometimes  trans- 
formed into  fat,  but  the  greater  part  of  the  fat  of  the  body  is  derived 
from  that  contained  in  the  food. 

Notwithstanding  this  partial  and  occasional  formation  of  fat  from 
the  nitrogenous,  starchy,  and  sacchaiine  elements  of  the  food,  each 
separate  class  is  needed  to  sustain  the  body  in  a  state  of  health.  Thus, 
perfect  health  cannot  be  maintained  for  any  length  of  time  on  nitro- 
genous food  alone,  even  with  water  and  the  mineral  constituents ;  and 
although  it  may  be  supported  for  a  longer  period  on  such  food  com- 
bined with  fat,  yet,  for  perfect  health,  the  albmuinates,  fat,  and  the 
carbo-hydrates,  as  sugar  and  starch,  are  all  necessary,  though  how  the 
latter  act  in  nutrition  is  not  yet  fully  understood,  since  they  do  not 
enter  into  the  composition  of  the  tissues  like  the  others.  Further,  it 
should  be  clearly  understood  that  excess  of  lean  meat  increases  the 
oxidation  of  the  fat,  thus  tending  to  the  reduction  of  obesity  ;  excess 
.of  the  carbo-hydrates  acts  in  the  same  way. 

Now,  these  several  nitrogenous  and  non-niti'ogenous  constituents  of 
the  food  are  constantly  undergoing  change  and  desti-uction  in  minister- 
ing to  the  several  necessities  of  the  living  animal  organization,  as  the 
gTowth,  sustenance,  and  waste  of  the  body,  its  heat,  electi'icity,  and 
muscular  force ;  and  hence  the  necessity  for  a  frequent  supply  of  food. 
The  various  constituents  of  the  food,  having  served  the  several  pur- 
poses in  the  animal  economy  which  have  been  already  noticed,  are 
eliminated  from  the  system,  the  nitrogenous  chiefly  as  lurea,  imc  and 
hippuric  adds,  creatine  and  creatinine,  and  the  non-nitrogenous  in  the 
forms  of  carbonic  acid  and  watet: 

While  starch  and  sugar  only  want  as  much  oxygen  for  complete 
combustion  as  is  required  to  combine  with  their  carbon,  fat  needs  a 
larger  proportion,  for  it  contains  an  excess  of  hydrogen,  which  con- 
sumes a  proportionate  amoimt  of  oxygen  to  form  water.  By  the  com- 
bustion of  fat,  therefore,  more  heat — 2-4  times  as  much — ^is  developed, 
than  by  an  equal  quantity  of  starch  or  sugar. 

Now,  the  process  of  respiration  is  merely  an  act  of  combustion ;  the 
air  carried  to  the  lungs  by  inspiration  is  there  deprived  of  much  of  its 
oxygen,  whUe,  in  place  of  this  gas,  the  expired  air  contains  a  propor- 
tionate quantity  of  carbonic  acid,  which  is  derived  from  the  food 
introduced  into  the  blood,  and  especially  from  its  non-nitrogenoiis 
constituents,  which  may  be  termed  '  heat  producers,'  for  by  their 
oxidation  the  heat  of  the  body  is  chiefly  obtained. 
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With  respect  to  the  fatty  substances  which  enter  into  the  composi- 
tion of  our  food,  we  would  remai'k  that  they  are  not  merely  heat  pro- 
ducers, hut  that  they  play  a  very  important  part  in  the  process  of 
digestion,  not  only  increasing  and  accelerating  greatly  the  digestibility 
of  nitrogenous  articles  of  food,  but  also  aiding  in  the  formation  of  bile. 

Again,  the  starch  is  converted  in  the  system  into  glucose,  which  is 
carried  by  the  blood  to  the  lungs,  where  it  is  split  up  into  carbonic 
acid  and  water,  as  already  described.  Another  product  of  the  oxida- 
tion of  starch  and  sugar  is  lactic  add,  an  important  constituent  of  the 
gastric  juice. 

Starch,  sugar,  and  fat  have  the  following  formulae  and  percentage 
composition : — 


Cane-sugar, 

Glucose, 

starch. 

Fat  (stearine). 

Carbon 
H3'drogen . 
Oxygen  . 

42-10 
6-44 
51-46 

40-00 
6-67 
53-33 

44-44 
6-18 
49-38 

76-85 
12-36 
10-79 

100-00 

100-00 

100-00 

100-00 

iii^  lie  ^uiiouiuuciiLo  Liic  uuu_y  iirb  not  less  necessary  tnan 
the  albuminates,  fat,  and  the  carbo-hydrates,  and  equally  require  to  be 
renewed  in  the  food  consumed.  Thus,  sulphur  and  phosphorus  are 
constantly  present,  combined  chiefly  with  the  albuminates.  Phosphate 
of  lime  is  found  principally  in  the  bones,  teeth,  and  growing  cells  and 
tissues ;  phosphate  of  potash  in  the  tissues,  cells,  and  blood— the 
latter  flmd  is  pai-ticularly  rich  in  basic  phosphate  of  potash,  which 
forms  by  far  the  largest  portion  of  its  mineral  constituents  ;  chloride  of 
sodium  in  the  liquids,  iron  in  the  blood,  and,  lastly,  carbonic,  lactic, 
tartaric,  acetic,  and  some  other  acids,  which  are  converted  in  the 
system  into  carbonic  acid,  are  requisite  to  maintain  the  alkalinity  of 
the  body,  the  absence  of  which  gives  rise  to  scurvy. 

The  fimction  of  chloride  of  sodium,  or  common  salt,  is  but  ill 
understood.  It  has  been  asserted  that  it  is  necessary  for  the  assimila- 
tion of  the  food,  but  this  seems  not  to  be  the  case.  Salt,  in  fact,  is 
considered  by  some  to  be  quite  a  superfluous  addition  to  most  of  our 
articles  of  food,  and  nothing  more  than  a  condiment.  It  does  not 
enter  mto  the  composition  of  any  of  the  tissues,  but  is  thrown  out  of 
the  system  m  the  excretions  ;  and  it  has  been  repeatedly  shown  that 
some  tribes  of  natives  of  Africa  do  not  know  the  use  of  salt  at  all,  and 
consider  it  a  luxury  and  delicacy. 

Ii-on  is  a  most  important  constituent  of  the  blood:  the  colouring 
matter  ot  the  red  corpuscles  contains  it  in  chemical  combination.  It 
18  said  to  assist  m  the  oxygenation  of  the  blood. 

Again,  the  imbibition  of  a  large  quantity  of  water  daily  is  liljewise 
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a  necessity,  in  order  to  endow  many  of  tlie  constituents  of  the  food— 
especially  the  albuminates— with  cei-tain  physical  propei-ties,  to  render 
them  plastic,  soluble,  or  the  more  readily  reducible  to  a  state  of  solu- 
tion ;  thus  aiding  absorption,  nutrition,  and  elimination. 

To  sum  up  then,  there  is  between  the  composition  of  the  body  and 
the  food  consumed,  whether  animal  or  vegetable,  the  closest  possible 

resemblance.  _  p   j       •   j  ^ 

-Having  thus  enumerated  the  various  Innds  of  food  required  to  sus- 
tain the  body  in  health,  we  have  to  consider  the  quantities  needed.  It 
will  be  obvious  from  what  has  already  been  advanced,  that  the  quan- 
tities will  vary,  being  dependent  upon  age,  weight,  muscular  exertion, 
climate,  &c. ;  but  it  has  been  determined  by  numerous  independent 
inquiries,  that  the  food  daily  consumed  by  an  adult  man  of  aveinge 
^eiD-bt— 140  lb.— and  in  moderate  work,  should  contam  about  the 
following  quantities  of  the  several  classes  of  food,  the  figm'es  given 
being  those  of  Moleschott,  quoted  by  Parkes  in  his  admirable  work  on 
'  Practical  Hygiene,'  and  which  figures  should  be  generaUy  adopted, in 


Dry  food. 

Ounces. 

Nitrogen  grains. 

Carbon  grains. 

Albuminous  substances 
Fatty  substances 
Carbo-hydrates  . 

4-587 
2-964 
14-257 
1-058 

317-0 
None 
None 

1073-6 
1024-4 
2769-4 

22-866 

One  ounce  of  dry  albuminate  contains  69  grains  of  nitrogen  and 
234  of  carbon;  1  ounce  of  diy  fat,  336-0  gi-ains  of  carbon,  and  the 
same  weight  of  either  of  the  carbo-hydrates  starch  or  sugar,  194-2 
sTains  •  or  100  grains  of  albuminates  contain  15-8  of  niti-ogen  and  63-5 
of  carbon  -  fat,  76-8  grains  of  carbon,  and  starch  and  sugar  44-4  grains. 

But  water  to  the  extent  of  between  50  and  60  per  cent,  is  contamed 
in  the  food  consumed,  raising  the  amount  to  about  40  ounces.  _ 

Now  nearly  the  whole  of  the  nitrogen  and  carbon  contained  m 
the  chief  articles  of  our  food  may  be  thus  di^-ided  and  disti-ibuted  :— 

■)     16  oz.,  less  one-fifth  bone,  14-4 
Lean  raw  meat        •      •  j 


Fat  of  meat 
Egg  . 
Cheese 
Butter 
Bread. 
Potatoes 
Other  vegetables 
Milk 
Sugar 


cooked,  about  8  oz. 
J  ounce. 


2 
1 
1 

18 
16 
8 
2 
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Having  thus  arrived  approximately  at  the  quality  and  quantity  of 
the  several  kinds  of  food  required  by  an  adult  man  of  average  size  and 
weight,  and  in  moderate  work,  it  next  becomes  important  to  explain 
how  each  person  may  calculate  for  himself,  and  so  ascertain  the 
nutritive  quality  of  his  own,  or  any  other,  dietary.  This  important 
object  may  be  accomplished  by  the  help  of  the  following  table,  taken, 
with  one  exception,  from  the  work  of  Dr.  Parkes,  before  quoted : — 


Table  for  calculating  Diets. 


"Water. 

Albumin- 
ates. 

Pats. 

Carbo- 
hydrates. 

bait. 

Lean  raw  meat,  bone-  ] 
free .      .      .      .  i 

75 

15 

8-4 

... 

1-6 

Fattened  meat  (Gilbert  \ 

14 

19 

0.1 

and  Lawes)       .  J 

... 

Roast  meats  (no  drip-^ 

ping    being    lost) , 

15-45 

Ranke.  (Boiled  as- 

\ 

54 

27-6 

... 

2-95 

sumed    to  be  the 

same") 

Bread  .... 

40 

8 

1-5 

49-2 

1-3 

Flour  .... 

15 

11 

2 

70-3 

1-7 

Biscuit  .... 

8 

15-6 

1-3 

73-4 

1-7 

Rice  .... 

10 

5 

•8 

83-2 

•5 

Oatmeal  (Von  Bibra)  . 

12 

16 

6-8 

63-2 

2 

Oatmeal  (Letheby) 

15 

12-6 

5-6 

63 

3 

Maize  (Poggiale)  . 

13-5 

10 

6-7 

64-5 

1-4 

Peas,  dry 

15 

22 

2 

53 

2-4 

Potatoes 

74 

1-5 

•1 

23-4 

1 

Carrots  (all  cellulose  1 
excluded)  .      .  J 

85 

•6 

•25 

8-4 

•7 

Cabbage 

91 

•2 

■5 

5-8 

•7 

Butter  .... 

8-8 

2-7 

85 

3-5 

Eggs,  less  10  per  cent.  1 
for  shell     .      .  f 

73-5 

18-5 

11-6 

1 

Cheese  . 

Milk  (specific  gravity 
10.30) 

36-8 
86-7 

33-5 

4 

24-3 
3-7 

"5 

5-4 
•6 

Milk  (specific  gravity* 
1026) 

90 

3 

2-5 

3-9 

•5 

Sugar  .... 

3 

96-5 

•5 

The  use  of  the  above  table  is  exceedingly  simple.  Thus,  the  quan- 
tity by  weight  of  any  of  the  articles  enumerated  being  known,  the 
amounts  of  the  albuminates,  fats,  and  carbo-hydrates  are  easily  calcu- 
lated by  a  simple  rule-of-three  sum.  Thus,  supposing  the  allowance  is 
12  07..  of  meat, one-fifth  must  be  deducted  for  bone;  the  water  in  remain- 


ing 9-6  oz,  will  be  ascertained  as  follows :  =  7-2 ;  and  so  on  for 

the  other  constituents. 
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A  few  words  in  conclusion  may  be  bestowed  on  the  relative  digesti- 
bility of  different  articles  of  food.  ,  -^r 

It  appears  from  Dr.  Beaumont's  experiments  on  Alexis  St.  Martin 
that  '  animal  food  is  digested  sooner  than  farinaceous,  and,  possibly, 
meat  migbt  therefore  replace  more  quickly  the  wasted  nitrogenous 
tissue  than  bread  or  peas ;  and  it  may  be  true,  as  asserted,  that  the 
change  of  tissue  is  more  quick  in  meat-eaters,  who  require,  therefore, 
more  frequent  supphes  of  food.' 

'  Rice,  tripe,  whipped  eggs,  sago,  tapioca,  bariey,  boiled  milk,  raw 
ecTD-s,  lamb,  parsnips,  mashed  and  baked  potatoes,  and  fricasseed  chicken, 
are  the  most  easily  digested  substances  in  the  order  here  given  the  rice 
disappearing  fi-om  the  stomach  in  one  hour,  and  the  fricasseed  chicken 
in  21  hom-s.  Beef,  pork,  mutton,  oysters,  butter,  bread,  veal,  boiled 
and  roast  fowls  are  rather  less  digestible,  roast  beef  disappearing  irom 
the  stomach  in  three  hom-s,  and  roast  fowl  in  four  hoiurs.  bait  beel  and 
pork  disappeared  in  4J:  hom-s.'—Prtr/ces.  .-tt^  a 

The  admixtm-e  of  the  different  classes  of  food  aids  digestibility,  and 
fat  taken  with  meat  helps  the  digestion  of  the  meat.       ,  ,     .  ^, 

'According  to  the  best  writers  on  diet,  it  is  not  enough  to  gi^etne 
proximate  dietetic  substances  in  proper  amount.  Variety  must  be 
introduced  into  the  food,  and  different  substances  of  the  same  class 
must  be  alternately  employed.  It  may  appear  smgular  _  that  this 
should  be  necessary ;  and  certainly  many  men  and  most  animals  have 
perfect  health  on  a  very  uniform  diet.  Yet  there  appears  no  doubt  ot 
the  good  effect  of  variety,  and  its  action  is  probably  on  pnmary  diges- 
tion Sameness  cloys;  and  with  variety  more  food  is  takra,  and  a 
lar-er  amount  of  nutriment  is  introduced.  It  is  nupossible,  with 
rations,  to  introduce  any  great  variety  of  food  ;  but  the  same  object 
appears  to  be  secured  by  having  a  variety  of  cooking-.  — i  ar/ces. 
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CHAPTER  n. 

ON  THE  PRESERVATION  OF  FOOD. 

It  will  be  desirable  before  entering  on  the  question  of  tlie  adulteration 
of  food  to  devote  a  short  chapter  to  the  subject  of  the  various  methods 
employed  for  its  presei-vation.  The  methods  resorted  to  are  exceed- 
ino'lv  numerous,  and  many  of  them  have  been  patented  on  account  of 
their  supposed  commercial  importance,  but  they  may  be  all  referred  to  the 
following  heads  : — to  preservation  by  temperature,  including  an  eleva- 
tion of  temperature,  resulting  in  more  or  less  complete  cooldng,  and  a 
reduction  of  temperatm-e,  as  by  freezing ;  by  the  exclusion  of  air,  as 
when  animal  and  vegetable  substances  are  enclosed  in  hermetically- 
sealed  tins;  by  coating  the  surface,  as  by  paraffin,  or  when  an 
artificial  coating  is  formed  by  the  coag-ulation  of  the  albimien  by 
plunging  it  into  hot  water;  by  immersing  or  mixing  the  sub- 
stances to  be  preserved  with  a  material  which  acts  in  the  pre- 
servation mainly  by  the  exclusion  of  air,  as  symp  or  sugar;  by 
compression,  which  "serves  to  exclude  the  air  partially,  as  also  to 
remove  superfluous  moisture  ;  by  the  extraction  of  cm-tain  principles  of 
meat  by  means  of  water,  and  the  subsequent  inspissation  of  the  extract ; 
by  the  use  of  various  antiseptic  substances,  as  alcohol,  acetic  acid,  salt, 
saltpetre,  alum,  creosote,  and  charcoal ;  by  the  employment  of  certain 
acids  and  gases,  as  sulphurous  acid  and  the  sulphites,  especially 
sulphite  of  soda,  which  retard  decomposition  by  combining  with  the 
oxygen  of  the  air,  which,  in  spite  of  all  precautions,  cannot  be  alto- 
gether excluded  from  the  preserved  material  ;  by  carbonic  acid,  which 
acts  by  exclusion  of  the  air,  and  the  substitution  of  an  atmosphere 
unfavourable  to  decomposition. 

In  many  cases  more  than  one  of  the  above  agencies  are  at  work  in 
the  preservation  of  the  food,  as  for  example  in  tinned  meats,  in 
which  not  only  is  the  air  excluded,  but  the  albumen  of  the  meat  is 
coagulated  by  cooking ;  in  preserved  milk,  in  which  the  greater  part 
of  the  water  is  removed  by  evaporation,  the  albumen  coagulated  by 
the  heat  employed,  and  the  air  partially  excluded  by  the  addition  of 
powdered  sugar. 

We  will  now  give  some  brief  examples  illustrative  of  each  of  the 
methods  of  preservation  above  referred  to. 

Elevation  of  temperature. — Heat  is  employed  for  the  double  purpose 
of  partially  cooking  the  materials  to  be  preserved,  whereby  the 
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albummoiis  matters  are  coagulated,  and  of  assistinfr  in  driving  out 
the  air ;  as  in  the  case  of  all  jams  aud  preserves,  bottled  fruits  and 
vegetables,  all  tinned  meats  and  vegetables;  and,  lastly,  as  in  the 
coagulation  of  the  albumen  near  the  surface  of  a  joint  of  meat. 

B)/  reduction  of  temperature.— This  principle  acts  by  retarding 
decomposition,  and  the  development  and  gl•o^vi;h  of  minute  organisms" 
and,  when  the  substance  itself  is  actually  frozen,  also  by  the  exclusion 
of  air.  Its  effect  is  very  gi;eat,  as  is  known  to  every  householder,  and 
is  shown  by  the  remarkable  cases  which  have  been  recorded  of  the 
preservation  of  himian  and  animal  bodies,  and  of  meat,  through  a  long 
series  of  years  in  regions  of  perpetual  frost.  Every  one  is  acquainted 
■with  the  fact  that  perfectly  well-preserved  bodies  of  the  Mammoth,  a 
huge  species  of  elephant,  which  died  out  ages  ago,  have  been  found 
imbedded  in  the  ice  of  Siberia. 

In  1861  three  human  bodies  were  discovered  under  the  Glaciere  des 
Bossons,  near  Charnoimix,  in  a  perfect  state  of  preservation.  Forty- 
one  years  ago,  in  1820,  these  men  had  lost  their  lives  by  an  avalanche. 

In  1824,  the  Arctic  exploring  ship  '  Fiu-y '  was  wreclied  in  the 
Prince  Regent's  Inlet,  and  its  stores  were  landed  and  placed  upon  the 
beach.  After  eight  years'  exposure.  Sir  John  Ross  found  them  in  a 
perfect  state  of  preservation,  and  after  a  further  lapse  of  sixteen  years, 
H.M.S.  '  Investigator'  found  them  in  the  same  condition. 

Our  ordinary  ice-safes  are  constructed  on  this  principle,  and  one  of 
the  latest  proposals  is  to  import  meat  on  a  large  scale  in  specially-con- 
structed ice  compartments  or  safes. 

By  exclusion  of  the  air. — The  most  complete  example  of  the  employ- 
ment of  this  principle  is  furnished  by  the  tinning  of  vegetable  and 
animal  substances,  an  operation  which  is  thus  conducted : — The  meat 
or  vegetable  is  put,  with  the  addition  of  some  water,  into  a  suitable 
tin  ;  the  lid,  having  a  small  hole  at  the  top,  is  now  fastened  down.  It  is 
heated  to  boiling,  and  as  soon  as  the  steam  has  di-iven  out  all  the  air, 
the  hole  is  closed  by  solder.  In  this  case,  the  tin  contains  an  atmo- 
sphere of  steam.  In  other  methods,  the  tin  is  filled  with  an  inert 
gas,  such  as  carbonic  acid,  or  nitrogen.  Other  examples  of  more  or 
less  complete  exclusion  of  the  air  have  already  been  given. 

Bj/  the  emjjloyment,  of  sugar. — This  substance  is  used  extensively  in 
the  preservation  of  fruits,  as  Normandy  pippins,  pears,  jams,  preserves, 
-v  egetable  jellies,  fruit  syrups,  essences  and  acids,  bottled  and  crystal- 
lised fruits,  and  condensed  milk. 

By  co7np7-ession. — This  principle  has  been  in  operation  for  a  great 
many  years,  combined  in  some  instances  -with  partial  drying,  with  great 
success  in  the  preservation  of  vegetable  substances.  An  illustration 
of  this  method  is  afforded  by  the  various  vegetables  preserved  by  the 
patent  of  Masson. 

By  removal  of  water.  —  This  principle  has  also  been  resorted  to 
with  considerable  effect  either  by  itself  or  in  conjunction  with  the 
employment  of  a  certain  temperature.    It  was  applied  especially  by 
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the  author  for  the  preservation  of  an  article  which  he  prepared  termed 
'  Flom-  of  meat/  in  which  the  lean  portions  of  the  meat  were  dried  at 
a  temperatm-e  below  that  at  which  alhumen  coagulates,  and  afterwards 
reduced,  by  grinding  and  passing  through  sieves,  to  a  powder  as  fine 
as  that  of  wheat  flour.  This  method  has  also  been  used  very  suc- 
cessfully imder  Edwards'  Patent  for  the  preservation  of  the  Potato. 
This  vegetable  contains  75  per  cent,  of  water,  the  greater  part  of 
which  being  removed  by  drying  at  a  low  heat,  the  potato  is  found 
to  keep  well,  it  reacquiring  the  water  it  had  lost  in  the  process  of 
cooking. 

Condensed  milk  also  owes  its  preservation  in  part  to  the  removal 
of  the  water. 

Bj/  extraction  xvith  water  and  subsequent  inspissation. — In  this 
manner  Liebig's  Extract  of  Meat  is  prepared ;  this  extract  contains 
neither  gelatine  nor  albumen,  and  its  mode  of  preparation  is  as 
follows : — the  flesh  is  extracted  with  cold  water,  the  solution  is 
boiled,  and  thus  ireed  from  albumen  ;  when  clear  it  is  evaporated  to 
the  consistency  of  a  syrup. 

The  concentrated  beef-teas  are  also  prepared  by  extraction  with 
water ;  one  of  the  best  of  these  is  that  made  by  Brand  ;  the  beef  is  in 
this  case  extracted  with  boiling  water. 

By  alcohol. — The  presei-vative  powers  of  alcohol  in  a  very  great 
measure  also  depend  upon  the  desiccation  of  the  materials  to  be  pre- 
served, alcohol  having  a  very  great  afiinity  for  water.  It  moreover 
destroys  any  organic  germs  and  organisms  which  may  be  present  or 
prevents  their  developement  and  growth.  In  consequence  of  the 
cost  of  this  substance,  it  is  but  little  employed  in  the  preservation 
of  articles  of  food  ;  but  cherries,  and  some  other  fruits,  are  sometimes 
preserved,  as  is  well  Imown,  in  whisliy  and  brandy. 

By  acetic  acid. — This  is  generally  used  in  the  form  of  vinegar, 
apd  it  is  supposed  to  act  by  its  antiseptic  properties.  It  is  the  prin- 
cipal vehicle  in  which  the  various  forms  of  pickles  are  preserved,  and 
it  forms  an  important  constituent  in  most  sauces. 

Closely  allied  in  their  action  to  ^dnegar  are  certain  salts,  such  as 
common  salt  (chloride  of  sodium),  salt^jetre  (nitrate  of  potash),  and 
aluyn  (siilphate  of  alumina  and  potash),  all  being  powerful  antiseptics. 
The  salting  of  meat,  fish,  and  butter,  and  the  preservation  of  meat  by 
the  addition  of  a  little  saltpetre,  offer  weU-known  illustrations  of  the 
use  of  these  substances. 

By  creosote. — The  smoking  of  meat  over  wood  fires,  and  its  keeping 
qualities  when  thus  prepared,  depend  to  a  great  extent  upon  desiccation, 
but  an  important  part  is  played  by  an  interesting  constituent  of  the 
smoke— namely,  creosote.  This  substance  prevents  the  growth  of 
organisms  and  consequent  putrefaction  even  when  present  in  very 
mmute  quantity.  It  is  closely  allied  and  perhaps  identical,  chemically 
and  m  its  mode  of  action,  with  carbolic  acid,  the  most  powerful  of 
all  known  disinfectants. 
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B%j  charcoal. — This  substance  operates  by  its  powerful  absorbent 
and  oxidising  properties  ;  these  are  so  great  that  when  meat  is  placed 
near  to,  or  in  contact  with,  vegetable  charcoal,  although  it  may  be  in 
an  olFensive  state,  it  is  quickly  deodorised  and  all  olFensiveness 
removed. 

By  sulphurous  acid,  free  and  combined.— This  acid  acts  by 
taking  up  the  oxygen  of  the  aii-,  with  which  articles  of  food  are  more 
or  less  impregnated,  and  which,  when  in  the  free  state,  aids  in  the  de- 
composition of  the  organic  substance,  the  sulphurous  acid  being  con- 
verted into  sulphuric  acid.  This  acid  is  usually  applied  in  solution 
to  meat  in  the  raw  state,  and,  either  alone  or  combined  with  other 
substances,  it  has  been  made  the  foundation  upon  which  several  patents 
have  been  obtained. 


LIST  OF  THE  PRINCIPAL  PATENTS  FOR  THE  PRESERVATION 

OF  FOOD. 

This  table  has  been  chiefiy  compiled  in  a  much  abbreviated  form  from  the  chapter 
on  the  Preservation  of  Food  contained  in  the  work  by  Dr.  Letheby,  entitled 
'  Lectures  on  Food.' 


Date. 


1835 
1847-55 
1848 
1847 


1793 
1851 
1851 


1859 

1864 

1780 
1820 

1840 
1840 

1850 


Method  and  Name. 


By  drying. 
Newton 
Grimwade 
Louis  . 

Davison  and 
Symington. 


Donaldson 
Rober 
Borden 
Liebig . 


Idson  .  "1 
rtson  .  V 
IXi     .  .) 


Blumenthal 
and  Chollet. 

HassaU  .  . 


John  Graefer 

Vallance  .  . 

Edwards  .  . 
GriUet    .  . 


Masson 


Preservation  of  milk  by  evaporation  and  the  ad- 
dition of  sugar. 

Preservation  of  eggs,  by  mixing  the  yolks  and 
whites  with  flour,  rice,  or  other  starchy  sub- 
stances, and  drying. 

Preservation  of  extract  of  meat  after  the  separa- 
tion of  the  fat,  by  mixing  with  farinaceous  sub- 
stances, and  prepared  in  the  form  of  biscuits. 

Extractum  Carnis,  obtained  by  the  action  of  water 
at  a  low  temperature,  gelatine  and  albumen 
being  both  excluded,  and  the  liquid  extract 
thickened  bj'  evaporation. 

Combining  meat  and  vegetables  in  the  form  of 
tablets,  by  drying,  then  pressing,  and  finally 
successive  immersions  in  rich  soup. 

Drying  meat  at  a  temperature  below  that  of  the 
coagulation  of  albumen,  and  reducing  it  to  a 
powder  as  fine  as  that  of  wheat  flour. 

Dipping  vegetables  into  boiling  solution  of  salt 
and  drying  them. 

Drying  of  hops,  and  compressing  them  into  a 
small  space. 

Boiling,  granulating  and  drj-ing  potatoes. 

Preservation  of  cooked  and  uncooked  potatoes  by 
drying. 

Preservation  of  vegetables  by  drj'ing  and  com- 
pressing them  to  one-seventh  of  their  original  bulk. 


ON  THE  PEESERVATION  OF  FOOD. 
List  of  the  principal  Patents  for  the  Preservation  of  Food-^cont. 
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Date. 


1874 


Method  and  Name. 


1807 


1817 
1855 

1807 


1810 
1847 
1847 

1810 

1828 
1836 

1842 
1846 


Py  drying. 
Goundry 


Exclusion  of  air. 
1 

Francis  Plowden 


Granholm 
VVortley  . 

Saddington 


Appert 
Bekaert  . 
De  Lignac 


Augustus  de 
Heine. 


Currie  .  .  . 
Leignette    .  . 

Bevan  .  .  . 
Kyan  .... 


Compression  of  tea  into  tablets  by  means  of 
hydraulic  power.  In  this  state  it  somewhat  re- 
sembles the  'brick-tea'  of  the  Tartars,  but  in 
this  case  the  leaves  are  held  together  bj"-  meaus 
of  sheep's  or  bullock's  blood. 


Preserving  butcher's  meat,  animal  and  other 
comestible  substances,  by  encrusting  them  with 
essence  or  extract  of  meat,  and  fiUing  the  inter- 
stices with  the  same. 

By  covering  meat  with  hot  fat  or  hot  animal  jelly. 

Preservation  in  oil,  chiefly  of  anchovies  and  other 
fish. 

Preser\'ation  of  fruits  without  sugar.  The  fruit 
is  put  into  bottles,  heated  in  a  water-bath  to 
160°  to  170°  F.  and  then  the  bottles  are  filled  up 
with  boiling  water  and  immediately  corked  and 
cemented.  Thus  the  air  is  expelled  and  the 
albumen  coagulated.  A  little  alum  is  fre- 
quently added. 


The  food  is  cooked  to  some  extent,  put  into  strong 
glass  vessels,  corked,  wired,  and  exposed  for 
some  time  to  the  action  of  boiling  water. 

Preservation  of  milk  by  evaporating  it  to  half  its 
original  bulk,  and  adding  some  carbonate  of 
soda. 

Preservation  of  milk  by  evaporation  to  one-sixth 
of  its  bulk  before  boiling  it. 


Exhaustion  of  the  air  from  the  vessel  containing 
the  fuod.  The  vessel  was  furnished  with  a 
valve  which  allowed  the  air  to  be  drawn  out  by 
means  of  a  special  apparatus. 

After  exhaustion  carbonic  acid  is  admitted  into 
the  vessel.  An  improvement  on  the  preceding 
process. 

Surrounds  the  food  with  a  solution  of  salt  in  water, 
lets  it  out  through  an  aperture  in  an  atmo- 
sphere of  carbonic  acid,  which  at  the  same 
time  floats  in  to  take  its  place. 

Exhaustion  of  the  air  and  substitution  of  a  solu- 
tion of  gelatine. 

Employment  of  acetic  acid  vapour  and  carbonic 
acid  gas.  , 
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List  of  the  principal  Patents  for  tlie  Preservation  of  Food— cont. 


Date. 


1846 


1823 


1841 


1855 


1846 


Method  and  Name. 


Exclusion  o  f  air. 
Jones  and  Ti-eve- 
thick. 


Angilbert 


Goldner  and 
Wertheimer. 


Hogarth  and  Co. 
Nasmyth .  .  . 
McCall    .    .  . 


Warrington 


Exhaustion  of  the  vessel  containing  the  raw  food 
in  an  air-tight  trough  of  water,  and  admitting 
pure  nitrogen  and  exhausting  again.  Lastly, 
admitting  nitrogen  with  a  little  sulphurous 
acid,  and  thus  any  remaining  trace  of  oxygen  is 
removed  by  its  combination  with  the  acid. 
Articles  preserved  in  this  manner  will  keep  for 
several  years. 


The  food  is  put  with  a  little  water  info  a  tin  case 
with  a  hole  at  the  top.  The  water  is  made  to 
boil  actively,  and  the  steam  thus  formed  es- 
caping freely  by  the  hole,  removes  the  air  with 
it,  the  aperture  being  suddenly  closed. 

Employment  of  a  bath  of  muriate  of  lime  to  ob- 
tain a  quicker  and  more  regular  generation  of 
steam.  This  process  is  now  commonly  employed. 
The  substance  to  be  preserved  is  soldered  down 
in  canisters,  a  pinhole  aperture  being  left  in  the 
lid.  It  is  then  subjected  to  the  action  of  the 
bath  at  a  temperature  a  little  above  212°  F. 
until  the  contents  are  about  two-thirds  cooked, 
and  then,  while  the  steam  is  escaping  freely, 
the  aperture  is  closed  with  solder.  Lastly,  the 
canister  is  subjected  to  a  temperature  high 
enough  to  favour  decomposition,  and  if  it  shows 
no  sign  rf  bulging  out  from  the  generation  of 
putrefactive  gases,  it  is  considered  that  the 
process  has  been  eflectually  carried  out. 

Use  of  steam,  in  place  of  the  muriate  of  lime 
bath. 

Proposed  to  mix  a  little  alcohol  with  the  water 

to  lower  the  boiling  point. 
Recommended  less  boiling  and  the  use  of  a  little 

sulphate  of  soda  to  remove  any  remaining 

oxygen. 


Obtained  a  patent  '  for  the  use  of  common  glue, 
gelatine,  or  concentrated  meat  gravies  or  thin 
cream  of  plaster  of  Paris,  which,  when  set  hard, 
was  to  be  saturated  with  melted  suet,  wax, 
stearin,'&c. '  The  things  were  then  to  be  wrapped 
in  waterproof  cloth  or  covered  with  caoutchouc 
or  gutta  percha,  or  coated  with  a  varnish  of 
these  substances,  or  kept  submerged  in  glyce- 
rine, treacle,  elaines,  oils,  or  other  such  matter 
not  liable  to  oxidation.' 
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List  of  the  Principal  Patents  for  the  Preservation  of  Food— cont. 


Date. 


Method  and  Name. 


Exclusion  of  air. 
Delabarre  and 
Bonnet. 


Hartnell  . 
Brooman . 


Bouett  and 
Douein. 

Redwood     .  . 

Palmer    .    .  . 

By  cold. 
Ling.s  .    .    .  . 


By  heat. 


By  cfiemical 
agents. 
Batley    .  . 


Long  .  . 
Horslej'  . 
Murdoch  . 
Loury .  . 

Bellfort  , 


Preservation  of  meat,  bread,  eggs,  vegetables,  and 
pastry  by  coating  them  with  a  varnish  of  rich 
syrup  made  from  the  bones  and  flesh  of  animals, 
the  substance  to  be  preserved  being  parboiled. 

Immersion  of  the  animal  or  vegetable  substances 
in  baths  of  gelatine  and  treacle,  drying,  re- 
dipping,  and  covering  with  charcoal. 

Coating  the  meat  with  albumen  and  molasses, 
after  the  meat  has  been  partially  di-ied,  and  then 
suspended  in  an  atmosphere  charged  with  sul- 
phurous acid. 

Obtained  provisional  protection  for  the  use  of  collo- 
dion, either  alone  or  admixed  with  other  suit- 
able substances. 

Employment  of  a  coating  first  of  paraffin  and 
then  of  gelatine,  mixed  with  glycerine  or  treacle. 

Preservation  of  melted  fats  by  placing  them  in 
bladders  or  skins. 


Employment  of  ice  in  closed  chambers. 

It  has  also  been  proposed  to  preserve  food  bv  the 
cold  produced  by  the  rapid  evaporation  of  ether 
and  ammonia,  and  various  patents  have  been 
taken  out  for  the  formation  of  ice  on  this  latter 
principle. 


This  principle,  as  we  have  already  seen,  is  also 
employed  in  the  preservation  of  food,  the  tem- 
perature usually  resorted  to  varying  from  200° 
to  212°  F. 


Curing  and  preserving  fish,  by  salting  them; 
vegetables,  as  olives,  may  be  preserved  in  the 
same  manner. 

Injectionof  meat  withasolution  of  sulphite  of  soda. 

Employment  of  sulphurous  acid ;  obtained  by 
burning  sulphur.  ' 

Provisional  protection  for  the  use  of  sulphurous 
acid  with  a  minute  quantity  of  hydrochloric 
acid,  to  prevent  the  sulphurous  acid  combining 
with  the  alkaline  salts  of  the  meat,  and  so 
giving  rise  to  a  disagreeable  flavour.  Tlie 
acids  were  used  in  solution,  and  the  meat 
immersed  in  it. 
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List  of  tlie  principal  Patents  for  the  Preservation  of  Food — cont. 


Date. 


1855 


Method  and  Name. 


By  chemical 
agents. 
Broom  an,  De- 
mait,  and 
Hands. 
Gamgee  .   .  . 


Employment  of  sulphurous  acid  in  a  gaseous 
state",  the  substance  being  suspended  in  a 
closed  chamber. 

Would  cause  the  animal  to  inhale  carbonic  oxide 
gas,  and  when  nearly  insensible  it  should  be 
killed.  The  cai-case  is  to  be  suspended  in  an 
air-tight  chamber,  from  which  the  air  is  re- 
moved, and  is  replaced  by  an  atmosphere  of 
carbonic  oxide  gas,  to  which  a  Utile  sulphurous 
acid  has  been  added.  After  being  thus  exposed 
for  24  to  48  hours,  it  is  to  be  hung  up  in  drj'  air. 
It  is  said  that  meat  thus  preserved  will  keep 
several  months. 


WATER  AND  ITS  IMPTJRITIES. 
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CHAPTER  ni. 

WATER  AND  ITS  IMPURITIES. 

Since  water  enters  more  or  less  into  the  composition  of  all  articles 
of  food  as  well  as  drmk,  and  is  employed  in  many  cases  as  an  adul- 
terant, as,  for  example,  m  milk— to  which  sometimes  it  communicates 
the  gei-ms  of  disease-and  m  spirits  ;  and,  fmi;her,  since  Food  Analysts 
are  constantly  called  upon  to  make  analyses  of  water,  it  becomes  not 
merely  necessary  that  the  suhject  should  be  fiilly  considered  in  anv 
comprehensive  work  deahng  with  adulteration,  hut  that  the  first  place 
should  he  assigned  it  m  such  a  treatise.  ^ 

Chemically  pure  water  consists  of  a  definite  combination  of 
hydrogen  and  oxygen,  and  anything  additional  therein  contained  may 
be  looked  upon  as  foreign  matter,  and  be  regarded  in  the  lio-ht  of  an 
impurity.  o  " 

_  Thus  viewed,  there  is  really  no  absolutely  pm-e  water  to  be  foimd 
m  nature ;  ice,  snow,  ram,  and  distilled  waters  are  the  nearest  ap- 
proaches to  punty,  and  yet  they  contain  no  inconsiderable  amoSt 
of  a  variety  of  admixtm-es  and  impm-ities.  «.iixuuut 
1.  Ice  water.— T}nB  water,  though  not  absolutely  free  from  con- 
tammations,  is  yet  one  of  the  purest  waters  in  natm-e,  owing^o  ?he 
very  remarkable  and  beautiful  fact,  that  in  freezing,  wh  ch  is  an  act  of 
crystaUisation,_all,  or  nearly  all 'substances,  or  Im^^hls  Leo^^^^^^ 
organic  and  mineral,  are  cast  out,  and  are  to  be  foimd  in  the  imfrozen 
portion  of  the  water ;  the  absence  of  the  usual  gases  renders^  however 

fact'k  Jff'r7^**t"°'^  ^  ^^U-l^wn  iUustrat i'onTf  S 

feet  18  afforded  by  icebergs,  which,  although  formed  from  the  sea  yet 
when  melted  consist  of  water  in  a  state  of  ^eat  puritv   Anotlim  til^! 
Ration  is  afforded  by  the  method  adopted  in?oi?hS"untries t  o^^^^^^ 

Sat^on  Tpt^  ''""''.i''  ^^<ifr°^^i^J«J^it  i.  obtained  by  a-ysta^ 
usation.    We  have  recently  come  across  a  third  illustration  nf 

scS:  Tt'/?  ^""'^'^^^  P^^d-^^ti^^  of  ice  ofrco^M 
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WATER  AND  ITS  IMPURITIES. 


Analyses  of  ice  and  the  loater  from  which  it  was  obtained: — 

Original  Water.         Ice.  Water  left. 

Total  solids      .      .   27-0       ...      3-0  ...  14-2 

■Chlorine    .      .      .     1-94     ...      0-90  ...  — 

Lime ....    10-53     ...  trace.  ...  14-11 

2.  Snow  water.— It  follows  from  what  has  already  been  said,  that 
the  water  derived  from  the  melting  of  snow  is  also  soft  and  pui-e,  but 
much  less  so  than  that  obtained  by  the  melting  of  ice,  since  many^of 
the  impmities  are  retained  on  the  surface  of  the  small  and  innumerable 
crystals  of  which  snow  is  formed. 

3.  Rain  loater.— It  will  be  readily  understood  that  ram  water  will  m 
most  cases  be  found  to  contain  various  impm-ities,  these  being  taken  up 
by  it  fi-om  the  atmosphere  in  its  descent  to  the  earth.    These  impim- 
ties  are  for  the  most  part  of  a  gaseous  and  organic  character,  and, 
of  course,  their  exact  nature  and  quantities  will  vary  with  the  con- 
dition of  the  air  at  the  time  when  the  rain  faUs.  The  prmcipal  ot  these 
impregnations  and  impurities  are  oxygen,  the  proportion  of  which  some- 
tinies  amounts  to  32  per  cent,  of  the  whole  of  the  dissolved  gases,  or 
to  considerably  more  than  occm-s  in  the  atmosphere  itself— namely,  21 
per  cent,  (this  difference  arises  from  the  greater  solubility  of  oxygen  in 
water)  nitrogen,  carbonic  acid,  ammonia,  carbonate  of  ammonia,  nitro- 
genous organic  matter,  niti-ite  and  nitrate  of  ammoma  and  hydrochloric 
acid;  and  in  towns,  carbon, sulphurous  and  sulphuric  acids, and  some- 
times sulphuretted  hydrogen,  derived  from  the  coal  fii-es.  According  to 
Parkes,  the  total  nitrogen  from  the  nitrogenous  salts  amounts  to  0-0J85 
per  100  000.    Boussingault  found  0-4  part  of  ammonia  m  100,000  parts 
of  rain  fallen  in  Paris,  and  0-079  in  that  from  the  country.^  Ban-al 
obtained  from  0-2  to  0-3  in  Paris  rain  water.  Bmeau  found  in  Lyons 
even  as  much  as  3  parts  in  100,000.  . 

According  to  Boussingault,  the  average  amount  ol  nitiic  acid  is 
0-0'>  in  100  000  Diu-ing  a  hailstorm  he  found  the  rain  to  contain  o'o, 
and  the  melted  hail  8-3  of  that  acid,  owing  to  the  highly  electric  state 
of  the  atmosphere-a  condition  which  is  attended  with  increased  oxida- 
tion. On  other  occasions  he  met  with  fi-oniO-04  to  0-21  m  ram  water, 
in  the  country  he  found  only  fi'om  0-004  to  0-028  _  Bai-ral  me  with 
from  0-2  to  3-6  in  Paris.  This  latter  observer  obtamed  from  0  /8  to 
2-2  total  solids  from  rain  water.  „   •  i    i      .li.      i.  a 

The  following  analyses  of  Dr.  Angus  Smith  show  the  na.ture  and 
the  varying  quantities  of  the  principal  of  the  contammations  to  which 
rain  water  is  so  subject : — 


■WATEK  AND  ITS  IMPURITIES. 
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i?a)?i  TVuter. — Average  Impurities  per  Million  Parts. 
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as  the  meau  of  five  samples  of  water,  per  100,000,  3-2  to  2-24  gi-aius  per 
gallon.  But  it  must  be  remembered  that  rain  water,  which  passes  over 
the  roofs  of  houses  before  being  collected,  or  which  is  retained  in 
cisterns  of  any  Mnd,  acquires  further  and  especially  mineral  and 
metallic  impurities,  notably  lead  and  zinc. 

4.  pistilled  water.— By  distillation  water  is  freed  from  a  great  many 
of  its  impurities,  and  is  obtained  in  a  comparatively  pure  condition  ; 
this  will  vary,  however,  with  the  water  from  which  it  has  been 
distilled  ;  the  purer  the  water  used  for  distillation,  the  better  will  be 
the  distillate.   Of  coiu-se  any  volatile  constituents  present  in  the  water 

will  pass  over,  and  a^  most  waters  contain  more  or  less  ammonia  

either  free  or  as  carbonate  or  nitrite— these  will  be  foimd  in  the  first 
portion  of  the  distillate,  as  also  in  some  cases  other  volatile  impmities 
of  an  organic  character.  Hence  it  is  very  necessary  that  the  chemist 
should  in  all  cases  satisfy  himself  of  the  purity  of  the  distilled  water  he 
uses  m  his  laboratory,  especially  that  required  for  water  analvsis  and 
the  employment  of  the  Nessler  Eeagent. 

The  distillation  of  water  is  carried  out  on  a  large  scale  on  board 
many  ships,  it  being  prepared  from  sea  water.  The  water  thus  obtained 
sometunes  contains  a  little  free  hydrochloric  acid  derived  from  the 
decomposition  of  the  chloride  of  magnesium. 

c 
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The  water  so  purified  being  deprived  of  carbonic  acid  and  oxygen, 
requires,  before  it  becomes  palatable,  to  be  re-aerated.  Tkis  object  is 
eflected  by  an  apparatus  specially  devised  by  tbe  late  Dr.  Normandy, 
and  whicb  is  much  employed  on  board  ship.  n  ■>  -l 

Now,  water  possesses  to  a  considerable  extent  tbe  power  of  absorb- 
ino-  and  holding  dissolved  a  gi-eat  variety  of  gaseous  and  solid  matters  ; 
these  are  sometimes  poured  du-ectly  into  the  water,  but  usiially  they 
come  into  contact  with  it  in  its  passage  over  or  through  the  various 
sti-ata  or  substances  of  which  the  earth  is  composed. 

In  this  way  all  water  becomes  more  or  less  contaminated  or 
impregnated  with  a  variety  of  impiu-ities,  which  may  be  divided  into 
three  classes -the  inorganic  or  mineral,  the  gaseous,  and  the  organic, 
the  natm-e  of  the  principal  of  each  of  which  we  shall  next  consider. 

rSS.  IHNEBAL  CONSTITITEIfTS. 

The  ordinary  mineral  constituents  present  in  water  are  lime, 
maqnesia,  soda,  potash,  and  «mmont«,  with  frequently  won  andrrtomTW, 
which  are  bases,  and  chlorine,  sulphuric,  carhomc,  nitrous  and  nitnc,  and 
sometimes  silicic  phosphoric  acids,  which  are  for  the  most  part  m 
union  with  these  bases,  though  most  waters  contain  considerable  quan- 
tities of  uncombined  carbonic  acid  as  well  as  oi  air.  iNow,_  these 
several  bases  and  acids  are  variously  combined,  producmg  a  vanety  ot 
resultino-  salts :  but  most  potable  waters  contain  cai-bmate  of  lime, 
held  in  solution  by  excess  of  carbonic  acid,  sulphate  of  lime,  or  oi  soda, 
and  chloride  of  sodium,  or  salt. 

Now,  none  of  these  salts  are  injm-ious  m  themselves,  imless  when 
present  in  considerable  amoimts  ;  stiU  they  afford  valuable  evidence  m 
mauv  cases  of  the  impurity  of  water,  since  a  large  excess  of  siilphate  ot 
lime"  and  chloride  of  sodium  is  usually  indicative  of  contamination  by 
sewase.  Not  necessarily  so ;  but  when  these  salts  not  merely  occur  m 
lara-e  amounts,  but  are  also  associated  with  certain  organic  matters  to  be 
noticed  hereafter,  the  evidence  of  impm-itv  is  complete.  It  is  found,  as 
a  matter  of  experience,  that  the  two  kinds  « ^ -""Pr  ."^l^^iS 
tooether;  thus  chlorine,  sodium,  and  sulphuric  acid,  m  theu-  comb  ned 
sfete,  are'  all  derived  largely  from  our  food  •,  from  this  they  pa.s  mto 
the  excreta,  thence  into  the  sewei-s  and  soil,  and  finally  into  ri.ers  and 
surface-wel  s,  which  are  still  too  often  the  sources  of  our  water  supply. 
Whenever,  then,  chloride  of  sodium  and  sidpha  e  of  lune  are  F^sent  m 
a  water  in  large  amount,  together  ^dth  any  considerable  quantity  of  the 
oja  lie  mattei-s  presently  tS  be  noticed,  we  may,  as  a  nile  safely  pro- 
nounce the  water  to  be  impure,  and  to  have  been  subject  to  sewage 

contemination^  common  constituent  of  our  food  is  phosphoric  acid, 
in  the  combined'state.  Should  this,  therefore,  be  discovered,  even  in 
the  minutest  amount,  in  a  drinking  water,  its  presence  may  be  safely 
accepted  as  evidence  of  pollution  by  sewage. 
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So  mucli  foi"  the  significance  to  he  attached  to  the  presence  of  inor- 
ganic or  mineral  matter  in  water, 

THE  GASEOTTS  COlfSTITUXENTS, 

The  gaseous  impurities  are  chiefly  oxygen,  carbonic  acid,  nitrogen, 
with  occasionally  carhuretted  and  sulphuretted  hydrogen. 

The  soil  is  said  to  contain  two  hundred  and  fifty  times  as  much  car- 
bonic acid  as  the  air.  This  acid  is,  of  course,  readily  absorbed  by 
the  water,  when  in  its  turn  it  acts  upon  and  dissolves  various  sub- 
stances with  which  it  is  brought  into  contact  by  the  descent  of  the 
water  through  the  earth. 

THE  OEGANIC  CONSTITtTEITTS. 

We  will  now  turn  to  the  consideration  of  the  organic  materials  and 
derivatives  found  in  water — namely,  albuminoid  matter  in  solution,  dead 
and  decaijing  organic  matter  in  suspension,  and  various  living  jjroductions 
belonging  both  to  the  vegetable  and  animal  kingdoms.  The  principal 
and  most  important  substance  found  is  albumen,  or  some  allied  albumi- 
noid matter.  This  has  usually  several  soui'ces.  Thus  (1)  the  decay  of 
vegetable  and  animal  remains  in  the  water  itself ;  (2)  vegetable  and 
animal  matter  received  from  ditches  and  dykes,  and  dissolved  out  of  the 
earth  by  the  rain-water  in  its  passage  to  a  river ;  (3)  the  discharge  of 
sewers  into  the  water  ;  (4)  the  entrance  of  human  excreta  independent  of 
sewers  ;  (6j  the  refuse  of  many  manufactories  on  the  banks  of  rivers. 

But  this  albimainoid  matter,  so  long  as  it  is  undecomposed,  and 
retains  its  integiity,  is  innocuous.  Nobody  finds  fault  with  it  in  his  soup, 
or  suspects  it  of  producing  fever  ;  and  yet  in  this  it  exists  in  quantities 
of  coui-se  far  exceeding  that  present  in  even  the  very  worst  of  waters. 

Lilce,  however,  other  allied  organic  substances,  it  speedily  undergoes 
decomposition,  resolving  itself  in  part  into  nitrous  and  nitric  acids, 
and  ammonia.  In  the  first  place,  therefore,  the  quantity  of  the  albu- 
minoid organic  matter  affords  a  most  conclusive  and  important  test  of 
the  quality  of  the  water,  and  in  the  second,  the  amounts  of  the  nitrous 
or  nitric  acid  and  ammonia  which  are  derived  from  the  albuminoid  matter. 

_  "Vy  e  stated  that  the  undecomposed  organic  matter  of  water  is  non- 
injurious,  and  the  same  must  be  said  of  the  nitrites  and  nita-ates  when 
not  in  veiy  large  amounts,  and  ammonia  ;  but  the  fact  really  is  that  the 
nitrogenous  matter  in  water  is  constantly  undergoing  change,  not  only 
being  converted  into  the  acids  and  volatile  alkali  above  named,  but 
into  other  compounds,  the  nature  and  properties  of  which  are  for  the 
most  part  unknown.  Even  if  it  does  not  give  rise  itself  to  injurious 
compounds,  it  may  possibly  supply  the  food  necessary  for  their' forma- 
tion or  development. 

But  waters  also  contain  non-nitrogenous  organic  matters,  the 
nature  of  which  is  but  little  understood,  and  the  amount  of  which  is 
but  seldom  estimated,  except  by  Dr.  Frankland,  and  those  who  adopt 
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his  process  of  water  analysis  ;  iDut  we  are  of  opinion  that  anythinpr  like 
a  complete  and  practical  analysis  should  embrace  such  an  estimation. 

Some  of  these  non-nitrogenous  matters  have  heen  described  as 
consistino-  of  humin,  ulmin,  and  of  the  acids  derived  therefrom,  as 
humic,  ulmic,  crenic  and  ajjocrenic  and  geic  acids,  all  of  which  are  stated 
to  combine  readily  with  ammonia. 

Other  organic  acids  which  have  been  found  in  much  contaminated 
waters  are  the  following  fatty  acids :  formic,  acetic,  proprionic,  butyric, 
and  caproic  acids.  As  much  as  1-5  gxamme  per  litre,  or  105  grains 
per  gallon  of  hutyrate  of  lime,  have  been  detected  by  Schweitzer  in  the 
water  of  a  much  contaminated  well.  Lastly,  waters  frequently  con- 
tain organic  colouring  matters,  extracted  for  the  most  part  from  decay- 
ing \egetable  matter,  as  from  peat. 

ON  WHAT  DO  THE  INJITRIOITS  PEOPERirES  OF  SOME  WATERS  DEPE>T)  ? 

Now,  since  none  of  the  compounds  we  have  named  possess  in- 
jurious properties  in  themselves,  on  what  do  the  well-ascertained 
powers  of  a  water  to  produce  disease  depend  ? — what  confers  on  the 
water  its  destructive  and  lethal  power  ?  The  answer  to  this  all-im- 
portant question  is  unfortunately  not  so  clear  and  definite  as  we  could 
wish.  But  it  is  a  fact,  well  attested  by  the  concun-ent  evidence  of 
many  observers,  that  the  waters  which  have  been  proved  to  give  rise 
to  disease  are  those  in  which  the  organic  or  albuminoid  matters  and 
their  derivatives  most  abound.  Again,  it  cannot  be  questioned  but 
that  the  power  of  water  to  disseminate  disease  arises,  in  most  cases, 
from  the  fact  of  that  water  containing  the  mater ies  morhi,  possibly 
the  germs,  of  the  disease  itself. 

We  are,  then,  entitled  to  demand,  on  the  gromid  of  experience, 
that  the  water  we  consume  for  driulring  pm-poses  should  be  of  the 
highest  standard  of  purity  obtainable ;  and  we  will  hereafter  attempt 
to  fix  what,  in  our  judgment,  should  be  that  standard. 


THE  HARDNESS  OE  WATER. 

ThQlinrdness  of  a  water  mainly  depends  upon  the  amounts  oi  carbonate 
and  sulphate  of  lime  present,  the  former  giving  rise  to  what  is  called 
temporary  hardness,  because  it  is,  for  the  most  part,  removed  by  pro- 
lono-ed  boiling,  by  the  precipitation  of  the  carbonate  of  lime  through 
the" expulsion  of  a  portion  of  the  carbonic  acid;  and  the  latter  to 
permanent  hardness,  because  it  is  not  thus  removable,  but  the  chlorides 
of  calcium  ahid  magnesium  and  the  nitrites  and  nitrates  of  the  same  bases 
also  contribute,  in  many  cases,  to  the  hardness  of  a  water. 

Now  a  liard  water  is  injurious  for  driuldng,  because  its  powers  as  a 
solvent  for  the  food  are  impaired,  and  because  it  is  taken  up  by  the 
absorbents  of  the  stomach  with  much  greater  difliculty  than  a  soft 
water  •  thus  impeding  digestion.  Further,  a  hard  water  is  bad  for 
cooking,  because  of  the  impairment  of  its  solvent  or  extractive  proper- 


WATER  AND  ITS  IMPTJKITIES. 


21 


ties.  It  is  also  bad  for  wasliin<?.  '  Each  degree  of  hardness-  indicates 
the  destruction  and  waste  of  12  lbs.  of  the  best  hard  soap  by  100,000  lbs. 
of  water.'  (Frankland.) 

The  carbonate  of  lime  in  water  decomposes  about  ten  times  its 
weight  of  soap  in  washing — more  exactly,  8'8  of  white  curd  soap,  and 
10-7  of  common  yeUow  soap  ;  and  other  salts  of  lime  act  injuriously 
upon  soap  in  proportion  to  the  lime  they  contain,  the  soluble  soap, 
stearate  and  olente  of  soda,  being  converted  into  an  insoluble  and 
useless  compound,  stearate  and  oleate  of  lime :  the  water,  then,  is 
deprived  of  lime,  or  softened,  at  the  expense  of  the  soap.  The  lime  in 
100  gallons  of  Thames  or  New  River  water  thus  occasions  the  destruc- 
tion of  about  34  ounces  of  soap  before  any  portion  of  it  becomes 
available  as  a  detergent. 

The  Chemical  Commission  of  1851  treated  fuUy  of  this  subject, 
especially  as  connected  with  the  Metropolitan  water  supply,  and 
their  evidence  was  to  the  following  effect : — 

'  The  softer  the  water  the  better  it  is  adapted  for  washing  with 
soap,  the  earthy  salts  present  causing  a  definite  and  calculable  loss 
of  soap,  which  may  be  taken  as  amoimting,  in  every  gallon  of  water 
used  in  washing,  to  10  grains  of  soap  to  each  degree  of  hardness  of  the 
water.  Thus,  with  one  gallon  of  Thames  water  of  14  degTees  of  hard- 
ness before  boiling,  the  loss  of  soap  would  be  140  grains,  and  at  5 
degrees  of  hardness,  after  boiling,  the  loss  of  soap  would  be  50  grains ; 
or  with  100  gallons  of  water,  the  loss  in  the  fij'st  case  would  be  32 
oimces,  and  in  the  second  about  l\h  ounces.' 

Taking  the  whole  quantity  of  soap  used  in  the  washing  of  linen, 
first  to  soften  the  water,  and  afterwards  to  cleanse  the  linen,  the 
Commissioners  estimate  the  loss  at  42  per  cent,  when  the  water  is 
employed  cold,  and  14  per  cent,  with  woollens ;  or  where  the  same 
water  is  softened  by  boiling,  at  20  per  cent,  for  linen,  and  5  per  cent, 
for  woollens. 

Now  there  is  a  great  fallacy  or  source  of  error  pervading  the  cal- 
culations as  to  the  loss  of  soap,  arising  from  the  use  of  the  boiled 
water.  Much  of  the  water  thus  used  has  not  been  softened  to  anything 
like  five  degrees  of  hardness ;  and  hence  the  destruction  of  soap  is  much 
greater  than  that  stated  in  the  calculations  above  given. 

Now,  the  hardness  of  the  London  waters  has  led  to  the  extensive 
employment  of  soda.  This  precipitates  all  salts  of  lime,  and  so  softens 
the  water,  and  therefore  effects  a  great  saving  of  soap  ;  but  the  soda 
costs  something,  and  it  exei-ts  a  highly  injurious  effect  on  the  fibre  of 
the  linen  or  cotton,  as  also  on  the  colours  of  certain  prints. 

_  Further,  the  Commissioners  state,  '  It  is  found  proper  to  avoid 
boiling  any  portion  of  the  Thames  water  that  is  used  m  tiie  wash-tub, 
or  even  heating  the  water  above  a  cez-tain  point ;  for  the  carbonate  of 
lime  precipitates  on  the  linen,  carrj-ing  down  the  colouring  matter 
of  the  water  with  it,  producing  stains  which  there  is  the  greatest 
difficulty  in  afterwards  removing  from  the  linen.  The  colour  of  the 
water  is  thus,  indeed,  fixed  upon  the  cloth  by  the  precipitated  lime 
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with  tlie  tenacity  of  a  mordant.  The  evil  of  the  hardness  of  the  water 
is,  therefore,  aggravated  by  the  Jlood-tinge,  or  clay-colour,  which  the 
London  waters  often  exhibit  for  several  months  in  the  year. 

'  The  number  of  gallons  of  water  generally  used  with  a  certain 
weight  of  soda  is  considerably  greater  in  London  washing  than  in  the 
practice  of  the  Lancashire  bleachers,  so  that  the  waste  of  soap  from 
hardness  cannot  fall  below,  but  may  exceed,  the  previous  estimate. 

'  In  the  washing  of  the  person  the  saving  of  soap  by  the  ase  of  soft 
water  is  most  obvious.  For  baths,  soft  water  is  most  agi-eeable  and 
beneficial,  and  might  contribute  to  their  more  general  use.  Its  superior 
efficiency  to  hard  water  in  washing  floors  and  waUs  is  calcidated  also 
to  promote  a  greater  cleanliness  in  the  dwellings  of  all  classes,  both 
within  doors  and  externally.' 

The  witnesses  examined  on  this  point  were  Mr.  Bateman,  Mr. 
Hawlcsley,  Mr.  Rawliusou,  Mr.  Way,  Mr.  Duncan,  Dr.  Letheby, 
Dr.  Play  fair.  Dr.  Parkes,  Mr.  Samson,  Dr.  Frankland,  Dr.  Odling.  Dr. 
Miller,  "Dr.  Angus  Smith,  and  Mr.  Heron.  They  all  conciu-  in  the 
gi-eat  advantages  of  the  use  of  soft  water  for  the  washing  of  linen  and 
of  the  person,  for  dyeing,  with  some  exceptions,  and  for  many  manu- 
facturing purposes.  Dr.  Letheby,  in  estimating  the  loss  of  soap, 
proceeds  on  the  basis  that  all  the'heated  river  water  used  is  reduced 
to  a  uniform  standard  of  5  degrees  of  hardness.  In  reference  to  this 
point,  Dr.  Franldand  states  that  he  considers  '  the  advantages  of  tem- 
porary  over  permanent  hardness  have  been  considerably  overrated,  as 
water  used  hot  for  domestic  purposes  is  either  not  boiled  or  boiled  for 
too  short  a  time  'to  produce  the  full  softening  effect.^ 

With  respect  to  the  effects  "of  hard  water  upon  health,  Dr.  Parke-s 
gave  the  following  evidence  before  the  Koyal  Commission  on  "V^'ater 
Supply  of  1869 :— 

'  With  regard  to  the  effects  upon  health  of  the  use  of  hard  waters, 
distinguishing  between  the  carbonate  of  lime  water  and  the  sulphate 
of  lime  and  sulphate  of  magnesian  waters,  the  carbonate  of  lime  waters 
appear,  in  some  cases,  certainly  to  produce  some  effect  upon  health — 
for  instance,  dyspepsia ;  and  they  do  not  agi-ee  with  some  class  of 
persons,  whereas  to  others  they  appear  quite  harmless.  There  is  a 
large  population  living  upon  chalk  water,  and  we  cannot  trace  any  very 
decided  effect  upon  their  health  in  the  production  of  any  class  of  dis- 
ease—calculus, or  anything  of  that  kind;  but  at  the  same  time 
persons  do  sometimes  suffer  fi-om  indigestion.'  When  asked  '  \V  ould 
16  or  20  degrees  of  hardness  be  prejudicial  ?' he  replied,  '  I  flunk 
that  deoi-ee  of  hardness  wovdd  be  certainly  prejudicial.  I  think  that 
very  probably  it  might  disagree  with  a  great  many  persons;  but 
supposing  it  reached  to  8  or  10  or  12  degrees  of  hai-dness  fi-om  car- 
bonate of  lime,  it  might  be  considered  probably  good  water  so  far  as 
that  was  concerned ;  but  I  should  di-aw  a  marked  distinction  between 
that  and  the  hardness  arising  from  sulphate  of  lime,  or  sulphate  of 
mao-nesia  or  chloride  of  calcium,  which  would  certainly  disagree  m 
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much  smaller  quantities  :  so  that  the  goodness  of  water  for  drinlring 
purposes  I  would  estimate  according  to  its  permanent  hardness  rather 
than  its  temporaiy  hardness.' 

Pressed  with  other  questions,  the  witness  replied :  '  for  troops,  in 
all  cases  we  should  prefer  a  soft  water,  if  it  were  possible  to  obtain  it.' 

'  SpeaMng  generally,  you  are  of  opinion  that  the  mere  presence  of 
carbonate  of  lime  of  15  degrees  of  hardness  woidd  not  be  injiu-ious ' 
to  health  ?  ' — '  With  15  or  16  degrees  of  carbonate  of  lime  hardness,  I 
should  say  that  it  would  be  a  hard  water,  and  with  some  persons  it 
would  disagree  and  produce  dyspepsia.  I  think  it  should  not  exceed 
10  or  12  degi-ees,  if  possible.  At  the  same  time,  I  should  wish  to 
state  that  I  would  prefer  water  free  from  that  even.' 

For  many  years  past  we  have  never  lost  an  occasion  to  advocate 
the  use  of  soft  water  in  preference  to  hard ;  and  we  have  more  than 
once  treated  of  this  important  subject  in  the  pages  of  '  Food,  Water, 
and  Air.' 

The  introduction  of  soft  water  for  the  use  of  towns  and  cities  met 
with,  at  fii'st,  gi-eat  opposition,  and  this  from  quarters  whence  it  might 
have  been  the  least  expected ;  namely,  on  the  part  of  some  medical 
men  and  chemists.  It  was  affirmed  that  the  lime  of  the  water  was 
necessary  to  the  growth  of  the  bones,  that  without  it  they  would 
become  soft ;  and,  indeed,  that  the  whole  frame  without  a  powerful 
osseous  skeleton  would  become  weak  and  stunted.  Those  who  made 
use  of  this  argiunent  forgot  that  phosphoiic  acid  is  as  necessary  to  the 
bones  as  lime,  and  that  water  does  not  furnish  a  particle  of  this  acid 
to  the  bones,  it  being  obtained  fi-om  the  various  articles  of  food  con- 
sumed ;  and  if  a  sufficient  supply  of  phosphoric  acid  be  obtainable 
from  this  source,  why  not  the  requisite  quantity  of  lime  ? 

For  a  long  time  this  objection  to  the  use  of  soft  water  prevailed, 
and  prevented,  in  many  cases,  its  introduction  for  the  supply  of  towns. 
In  some  quarters  the  notion  still  lingers,  and  this  groundless  objec- 
tion continues  to  be  urged  with  pertinacity,  especially  where 
interest  points  to  the  use  of  hard  water.  That  it  is  without  any  real 
foundation  has  now  been  proved  by  the  experience  of  those  towns 
which  have  for  some  years  been  supplied  vdth  soft  water. 

A  further  objection  persistently  urged  against  the  employment  of 
soft  water  for  a  town  supply  is  the  liability  of  such  water  to  act  on 
lead  piping.  But  experience  has  also  shown  that  this  fear  has  been 
greatly  exaggerated. 

Liverpool,  Manchester,  Newcastle,  and  many  other  cities  are  now 
supphed  with  very  soft  water  and  this  without  any  detriment  to 
health. 

Here  then  we  have  a  large  body  of  evidence  of  a  very  clear  and 
convincing  character  all  in  favom-  of  the  use  of  a  soft  water. 

It  is  therefore  abundantly  established  that  hard  water  is  wasteful 
of  soap  in  the  washing  of  linen ;  that  it  renders  the  operation 
more  laborious  and  less  effective ;  that  it  is  injui-ious  to  the  linen  it- 
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self ;  tliat  it  is  wasteful  of  soap  in  personal  ablutions,  besides  being- 
far  less  agreeable  and  efficient;  and,  in  fact,  that  it_  is  objectionable 
for  cleansing  purposes  generally,  and  that  it  is  a  serious  hindrance  to 
the  sanitary  use  and  effects  of  such  water. 

THE  SOTTENING  OF  WATER. 

Many  years  since  the  late  Professor  Clarke,  of  Aberdeen,  took  out 
his  weU-lmown  patent  for  softening  water. 

The  principle  of  this  process  consists  in  adding  a  solution  of  caustic 
lime  to  the  water  to  be  softened.  The  effect  of  this  is,  to  absti-act  a 
portion  of  the  carbonic  acid  ft-om  the  carbonate  of  lime  in  solution, 
both  portions  of  lime  being  thus  brought  into  the  condition  of  a 
neutral  carbonate,  so  little  soluble  is  water,  and  which  hence 
becomes  gradually  precipitated. 

The  water  to  be  softened  is  divided  into  two  portions,  a  larger  one 
consisting  of  about  three-fourths  and  a  small  one  of  one-foiu-th.  The 
larger  quantity  is  rendered  decidedly  alkaline  by  the  addition  of  lime 
water,  and  then  the  second  portion  is  added  to  it. 

The  quantity  of  lime  water  required  is  thus  determined  for  each 
water  for  which  the  process  is  employed.  The  alkali  may  then  be 
added  -with  frequent  stirring  to  the  great  bulk  of  the  water  to  be 
softened,  as  contained  in  one  or  more  reservoirs,  lined  with  concrete. 
Care  must  be  taken  to  render  the  water  as  nearly  neutral  as  possible, 
as  any  excess  of  free  lime  would  be  very  objectionable,  and  this  may 
be  guarded  against  by  the  employment,  as  indicator,  of  a  solution  of 
nitrate  of  mercury,  added  to  a  small  quantity  of  the  water,  the  black 
sub-oxide  of  mercmy  being  thrown  down  on  the  addition  of  the  alkali. 

This  process  does  not  of  coiuse  remove  the  lime  from  those  com- 
binations which  give  to  water  its  permanent  hardness ;  but  since  usually 
the  greater  portion  of  the  hardness  of  a  water  is  of  the  temporary 
character,  it  is  in  most  instances  highly  efl'ectvial  in  the  softening  of  a 
water,  often  removing  nearlv  the  whole  of  the  hardness. 

The  Chemical  Coirtmission  of  1851  recommended  the  adoption  of 
this  process  to  the  Thames  water  with  which  London  is  supplied,  and 
thev  estimated  the  cost  at  about  20s.  per  million  gallons  of  water. 

The  process  has,  in  fact,  been  applied  in  several  mstances  to  the 
softening  of  the  water  supi^ly  of  towns  with  veiy  gi-eat  success  and 
advantaoe.  And  it  may  be  said,  in  fm-ther  recommendation  of  it,  that  it 
not  merely  softens  the  water,  but  that  it  also  pm-ifies  it  to  a  consider- 
able extent,  the  carbonate  of  lime  carrying  down  with  at  all  the  sus- 
pended organic  matter,  with  but  a  smaU  portion  only  of  the  dissolved 

organic  matter.  ,     ,  .  i    , ,  ,      ^^   ^  j 

The  carbonate  of  lime  obtained  by  this  process  should  be  collected, 
made  into  cakes  and  sold.  It  is  often  of  a  superior  quality,  and 
its  sale  would  repay  part  of  the  cost  of  the  process  itsel£ 
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OS  THE  QTTALITT  OP  WATER. 

The  quality  of  a  water  aud  its  suitability  or  otherwise  for  domestic 
use  depend  first  upon  the  nature  and  quantity  of  the  several  mineral 
constituents  which  enter  into  its  composition,  and  secondly,  on  the 
organic  ingredients,  in  solution,  in  suspension,  or  in  the  form  of  living 
ovganis'ms. 

It  has  been  shown  that  all  the  salts  of  lime  and  ma^esia  found  m 
water  render  it  hard,  and  therefore  if  they  are  present^  iu  considerable 
amount,  the  water  is  thereby  rendered  unsuitable  for  drinking,  cooking, 
and  washing. 

Other  minei-al  constituents  of  water,  which,  if  present  in  anything 
like  considerable  amount,  are  to  be  viewed  with  suspicion,  are  the 
chlorides,  especially  chloride  of  sodium,  and  the  sulphates,  particu- 
larly sulphate  of  lime.  The  reason  of  this  is,  that  while  there  are 
but  few  natural  sources  of  sulphates  and  of  chloride  of  sodium, 
they  ai-e  abundantly  contained  m  the  excreta,  and  make  their  way 
into  our  drinking  water  either  by  percolation  tlu'ough  the  soil,  or  by 
being  cast  as  sewage  into  our  rivers  and  streams,  which  are  too  often 
the  somce  of  our  water  supplies.  Dr.  Angus  Smith,  in  his  evidence 
before  the  Royal  Commission  on  Water  Supply  in  1869,  thus  refers 
to  the  occurrence  of  nitrates  and  chloride  of  sodium  in  waters.  The 
niti-ates,  he  says,  '  arp  what  I  have  called  Old  Organic  Matter.  Where 
nitrates  are  caused  by  matter  fi-om  animals,  there  is  always  a  corre- 
sponding amount  of  coromon  salt.  Men  take  from  200  to  300  gxains 
at  least  of  common  salt  every  day,  and  it  is  given  out  every  day. 
This  is  the  most  unchangeable  accompaniment  of  sewage.  Whenever 
chlorine  is  largely  in  .water,  it  is  necessary  to  look  for  nitrates  derived 
from  sewage  ;  and,  as  a  rule,  it  is  so  constant  that  there  is  scarcely 
any  exception.  When  we  find  much  more  than  the  average  quantity  in  a 
well-water,  nitrates  are  foimd  also,  and  if  the  water  in  a  district  is 
pretty  well  known — that  is  to  say,  if  the  amount  of  chlorine  in  water 
from  any  district  is  pretty  well  known,  and  a  specimen  of  that  water 
should  indicate  rather  more  chlorides  than  usual — yoix  may  conclude 
with  almost  certainty  that  it  is  from  sewage.' 

With  regard  to  its  organic  constituents  any  considerable  amoimt 
of  albuminoid  o^-ganic  matter  renders  the  water  unfit  for  use,  and  the 
same  may  be  said  to  a  certain  extent  of  the  organic  matter  sus- 
pended in  water,  and  especially  of  the  living  productions  which  impm-e 
waters  so  frequently  contain  in  such  abundance.  But  it  must  be 
remembered  that  in  this  latter  case  this  dead  and  living  organic 
matter  is  capable  of  being  removed  to  a  large  extent  by  an  efficient 
process  of  filtration. 

Another  circumstance  to  be  taken  into  consideration  in  expressing 
an  opinion  as  to  the  quality  of  a  water  supply  are  the  fluctuations  in 
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the  amounts  of  the  nitrogenous  organic  matter  found  in  certain  waters, 
especially  river  waters  m  summer  and  winter.  These  are  shown  in 
the  analyses  of  Drs.  Franldand  and  Odling,  made  for  the  Royal  Com- 
mission on  Water  Supply,  ]  869,  to  be  very  great  and  remarkable. 


Thames  below  weir, 
at  Staines. 

Filtered  Thames  water 
at  Hampton. 

May  2nd. 

Oct.  28th. 

May  4th. 

Oct.  28th. 

In  100,000  parts  or- 
ganic nitrogen 
Ditto  carbon  . 

•027 
•304 

•097 
•304 

•024 
-260 

•057 
•263 

The  following  causes  appear  to  us  to  afford  some  explanation  of 
this  striking  difference,  and  to  account  for  the  much  larger  quantity 
of  albuminoid  organic  matter  in  winter.  First,  the  streams  and  floods 
of  winter  which  wash  out  the  dykes  and  ditches  in  commimication 
with  the  Thames;  second,  the  death  and  decay  of  many  forms  of 
vegetable  and  animal  life ;  third,  the  diminution  in  the  amount  of 
minute  and  infusorial  life  in  the  water  ;  and,  foiu-th,  the  slower  decom- 
position and  destruction  of  the  organic  matter  in  winter. 

The  presence  likewise  in  considerable  amounts  of  ammonia,  nitrous, 
and  7iit?-ic  acids,  derivatives  of  m-ea  and  albuminoid  matter,  would  also 
serve,  especially  when  taken  in  conjunction  with  other  unfavourable 
results  of  analysis,  to  condemn  a  water.  With  respect  to  nitrous  and 
nitric  acids  in  water  much  has  been  said  and  written,  and  much  dis- 
cussion has  taken  place  as  to  their  significance  and  importance  in 
potable  waters. 

PTOIFICATIOlf  OF  WATEB. 

Impure  water,  when  left  for  a  time,  imdergoes  two  different 
processes  of  piu-ification.  The  one  results  fi-om  the  decomposition  of 
the  organic  matters  contained  in  the  water,  and  their  breaknng-up  into 
ammonia,  carbonic  acid,  sulphuretted  hydi-ogen,  &c. ;  the  other  is  due 
to  the  oxidation  of  that  matter,  the  oxygen  being  derived^  from  the 
air  continually  absorbed  by  the  water.  This  process  of  oxidation  is, 
of  course,  greatly  promoted  by  the  motion  and  agitation  of  the  water, 
as  this  brings  the  oxygen  into  more  intimate  contact  with  the  organic 
mattei-s  in  solution.  -  i        j         •  n 

Both  these  methods,  judged  by  their  practical  results,  and  especially 
the  latter,  are  highly  important ;  and  were  it  not  for  them,  disease 
resulting  from  the  drinking  of  impiu-e  water  would  be  of  much  more 
frequent  occurrence  than  it  now  is,  and  it  is  only  of  late  years  that  the 
importance  of  the  purification  of  water  by  oxidation  has  been  at  all 
adequately  recognised.    But  even  now  the  extent  and  limits  of  its 
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operation  are  but  ill  defined,  and  exact  experiments  are  still  required 
to  test  its  full'value. 

In  reference  to  tliis  question  of  the  purification  of  water  by  oxida- 
tion, Dr.  Letheby  made  the  following  statements  in  evidence  given 
before  the  Royal  Commission  on  Water  Supply  in  1869,  when  asked 
the  question,  '  Have  you  at  all  ascertained  in  what  length  of  time  or 
distance  polluted  matter  wiU  be  decomposed  and  transformed  in  its 
chemical  qualities ;  for  example,  supposing  we  had  the  sewage  from 
Richmond  pom-ed  into  the  Thames,  how  far  down  the  river  would  it 
be  lost  as  sewage  and  broken  up  into  other  chemical  elements  ?  '  he  thus 
replied :  '  I  have  made  a  very  great  number  of  chemical  experiments 
to  detei-niine  that.  I  have  examined  most  of  the  rivers  in  England, 
and  this  is  the  conclusion  that  has  been  come  to,  not  only  in  my  mind, 
but  in  the  minds  of  all  the  engineers  loho  have  devoted  their  attention  to 
this  subject, — that  if  ordinary  sewage,  containing,  we  will  say,  nearly 
100  grains  of  solid  matter  per  gallon,  such  as  om"  London  sewage, 
out  of  which  probably  something  like  14  or  15  grains  are  organic, 
be  mixed  with  twenty  times  its  bulk  of  the  ordinary  river  water  and 
flows  a  dozen  miles  or  so,  there  is  not  a  particle  of  that  sewage  to  be 
discovered  by  any  chemical  processes. ' 

Mr.  WanMyn  gave  the  following  evidence  before  the  Royal  Com- 
mission in  reference  to  the  same  matter.  In  reply  to  the  observation : 
*  Q.  5482.  It  has  been  stated  in  evidence  before  us  that  if  you  pour  into 
water  a  volimie  of  sewage  equal  to  5  per  cent,  of  the  volume  of  water 
into  which  it  is  cast,  the  water  will  so  operate  upon  it  in  deodorizing 
and  destroying,  and  breaking  up  its  elements — into  its  primitive 
elements,  in  fact — that  it  would  no  longer  be  sewage,  or  possess  any 
of  its  noxious  qualities.  You  apparently  hold  a  contrary  opinion  ? — 
This  I  am  sure  of :  the  urea  in  the  sewage  in  such  a  water  would  be 
veiy  readily  broken  up  into  ammonia  and  carbonic  acids,  and  a  little 
exposure  would  dispose  of  the  urea;  but  the  albuminoid  matter  in 
sewage  is  extremely  persistent,  and  one  of  the  results  of  the  whole 
investigation  is  this,  that  albuminoid  matter  is  very  persistent  indeed, 
and  you  could  not  depend  upon  any  treatment  such  as  you  have  men- 
tioned getting  rid  of  the  albuminoid  matter. 

*  6485.  But  will  not  certain  changes  take  place  even  in  the  albu- 
minoid matter  ? — Yes,  certainly ;  but  the  change  is  very  slow,  and  it 
is  very  irregular.' 

Of  the  evidence  of  Dr,  Frankland,  the  following  questions  and 
answers  embrace  the  more  important  parts : — 

'  Q.  6222.  What  does  your  experience  teU  you  is  tlie  effect  of  the 
quality  of  the  present  supply  in  London  on  the  health  of  the  popula- 
tion generally? — I  cannot,  of  course,  trace  any  direct  connection 
between  the  present  supplj^  and  the  health  of  the  population,  but  I 
consider  that  water  contammated  with  sewage  contains  that  which  is 
noxious  to  human  health.  There  is  no  process  practicable  on  a  large 
scale  by  which  the  noxious  material  can  be  removed  from  water  once 
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SO  contaminated ;  and  therefore  I  am  of  opinion  that  water  which  has 
once  been  contaminated  by  sewage  or  manui'e  matter  is  thenceforth 
unsuitable  for  domestic  use. 

'  6226.  You  state  that  you  have  come  to  the  conclusion  that  sewage 
has  been  the  cause  of  the  contaminations  of  this  water,  because  you 
find  a  skeleton  there  in  the  form  of  nitrates  and  nitrites  ? — Yes ;  and 
also  of  ammonia,  which  I  think  I  omitted  to  mention  ;  but  that  is  a 
very  insignificant  part  of  the  skeleton. 

'  6227.  Is  it  possible  that  those  nitrates  and  nitrites  could  be  pre- 
sent in  the  water  without  its  having  been  contaminated  with  sewage  ? 
Ooiild  they  be  produced  by  some  other  cause  than  that  of  sewage  ? — 
They  could  be  caused  by  manm-e  thrown  into  the  water,  or  by  manure 
applied  to  the  land. 

'  6228.  But  are  they  attributable  to  nothing  else  ?— No ;  nothing 
else,  I  believe. 

'  6223.  With  regard  to '  the  Kent  water,  we  had  some  evidence 
yesterday  to  the  effect  that  you  must  have  been  mistaken  in  finding 
traces  of  sewage  in  these  chalk  wells,  the  water  being  taken  at  a  depth 
of  250  feet  in  the  chalk,  and  the  upper  part  of  the  wells  themselves 
being  lined ;  therefore  the  water  must  have  filtered  through  the  chalk ; 
and  there  could  be  no  trace  of  the  skeleton  of  sewage.  Is  it  your 
opinion  that  the  skeleton  of  sewage,  as  you  describe  it,  will  find  its 
way  down  to  a  depth  of  250  feet,  and  that  after  filtration  through 
gravel,  and  ultimately  through  the  chalk,  its  presence  will  still  be 
detected? — There  cannot  be  a  doubt  about  it,  that  this  skeleton  of 
which  I  speak,  but  which  is  a  very  difterent  thing  from  the  sewage 
itself,  is  present.  I  have  never  stated  that  the  water  which  has  filtered 
through  the  chalk  in  this  way  contains  unaltered  sewage ;  it  is  this 
imaginary  skeleton  of  sewage  that  I  find  in  water  so  filtered. 

'  6240.  The  presence  of  what  other  elements  would  lead  you  to  a 
conclusion  upon  the  quality  of  water  as  injurious  to  health  ?— In  the 
first  place,  when  water  is  once  contaminated  with  sewage,  there  is  no 
process  to  which  it  is  afterwards  subjected  which  will  effectually 
remot  e  all  that  sewage  contamination  from  the  water ;  filti-ation  will 
not  do  it,  in  certain  cases,  at  all  events.  I  have  foimd  the  excrements 
of  cholera  patients  cannot  be  filtered  out  of  water ;  that  after  a  degree 
of  filtration  which  I  believe  is  never  attained  by  the  water  companies, 
and  rarely  attained,  perhaps,  by  the  passage  over  soils  in  u-rigation,  this 
water  still  remains  opalescent  fi-om  the  rice-water  evacuations  with 
which  it  has  been  mixed.  The  degree  of  danger  which  still  remains 
in  waters  from  different  som-ces  varies,  obviously,  according  to  the 
amount  of  filtration  that  the  water  undergoes.  I  would  much  rather 
drink  the  chalk  water  of  the  Kent  Company,  even  if  it  had  been  con- 
taminated to  fom-  times  the  extent  of  the  Thames  water,  than  I  would 
di-inlv  the  Thames  water ;  because,  if  I  could  have  the  assurance  that 
none  of  that  sewage  or  manure  water  had  found  its  way  into  the  well 
throuo-h  fissures  iu  the  chalk,  the  chalk  water  having  passed  through 
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say  100  feet  of  chalk,  would  be  very  mucli  better  filtered  than  any  water 
wiiich  finds  its  way  to  the  Thames. 

'6292.  You  conclude  that  it  is  a  very  difiicult  thing  to  get  rid 
of  sewage  matter  by  running  water  ? — I  do.  That  portion  of  it  which 
remains  imdecomposed  after  its  passage  through  the  sewers  oxidizes 
with  exti'eme  slowness. 

'  6297.  Did  I  rightly  xmderstand  you  to  say  that  you  cannot  dis- 
ting'uish  in  those  cases  whether  it  (the  organic  nitrogen)  is  derived  fi'om 
vegetable  matter  or  from  animal  matter? — I  have  said  that  until 
recently  it  had  been  impossible  to  distinguish  between  the  two ;  but 
that  now  I  considered  that  the  proportion  between  the  carbon  and  the 
nitrogen  in  the  two  cases  afibrded  a  basis  from  which  we  could  in  many 
instances  decide. 

'  6328.  It  would  seem  that  you  cannot  very  well  refer  the  presence 
of  nitrates  and  nitrites  in  the  water  exclusively  to  pre^dous  sewage  con- 
tamination.— [After  alluding  to  the  presence  of  materials  in  rain-water 
which  may  fm-nish  a  small  quantity  of  niti'ates  and  nitrites,  Dr. 
Trankland  observed]  :  But  it  is  a  remarkable  circumstance  that  waters 
which  it  is  well  known  cannot  be  contaminated  manure  or  by 
sewage,  never  do  contain  those  nitrates  in  a  proportion  bringing  them 
near  to  the  point  of  contamination. 

*  6-372.  Then  you  do  not  accept  the  theory  that  sewage  discharged 
at  point  A,  and  ti'avelling  down  the  river,  is  so  oxidized  as  it  passes  a 
distance  of  six  or  seven  miles,  and  is  so  entirely  destroyed,  that  its 
original  elements  are  not  to  be  foimd ;  but  it  is  converted  into  some 
other  substance  or  substances  which  are  not  detrimental  to  human 
health  ? — I  believe  that  it  is  by  no  means  a  generally  true  proposition.' 

Dr.  Odling's  evidence  was  to  the  following  efiect : — 
'  Q.  6448.  Have  you  found  in  those  examinations  of  the  Thames 
water  the  presence  of  sewag-e  not  decomposed  P — I  have  not. 

*  6451.  Has  yom*  attention  been  directed  to  the  important  principle 
of  the  self-purifying  process  which  is  going  on  in  rivers  running  at  a 
given  velocity? — Yes,  it  has.  There  may  be  great  difference  of  opinion 
as  to  the  degree  to  which  that  seLf-puritication  takes  place,  but  that  it 
does  take  place  to  a  very  considerable  extent  I  think  is  imdeniable. 

'  6462.  Is  it  your  opinion  that  those  (nitrates)  which  have  been 
found  in  chalk  water  are  due  to  sewage  ? — It  is  a  point  upon  which 
there  is  no  positive  evidence,  but  I  am  inclined  to  think  that  it  is  not 
80,  for  we  find  them  distributed  so  i;regularly.  For  instance,  the  deep- 
well  water  at  Trafalgar  Square  and  the  deep-well  water  from  the  green 
sand  and  the  lower  chalk,  all  over  London,  is  nearly  free  from  nitrates 
and  nitrites,  whereas  the  water  of  equally  deep  wells  elsewhere  in  the 
chalk  is  found  to  contain  very  considerable  quantities  of  nitrates  and 
nitrites.  ^  The  deep-well  water  from  nearly  all  formations  has  been  found 
to  contain  nitrates.  Then,  moreover,  a  proportion  of  the  nitrates  which 
the  sewage  itself  undoubtedly  does  furnish  in  one  case  is  destroyed, 
and  in  another  is  not ;  and  so  far  as  the  history  of  the  water  is  con- 
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cemed,in  tlie  one  caae  where  the  nitrates  are  destroyed  that  water  inay 
show  hut  a  very  small  amount  of  previous  sewage  contamination, 
whereas  it  might  have  had  a  much  larger  amount  than  the  other.' 

The  more  important  portion  of  the  evidence  of  the  next  witness, 
Sir  Benjamin  Brodie,  was  to  the  following  effect:— 

'  6991.  Dr.  Fraukland  states  very  distinctly  that  water  once 
contaminated  with  sewage  is  unfit  for  human  use,  and  that  you  wiU 
still  find  what  he  calls  the  skeleton  of  sewage  present,  although  it  may 
have  travelled  100  miles,  and  heen  exposed  to  filtration.— I  think  what 
is  asserted  by  Dr.  Frankland  is  true,  that  there  are  no  kno^vn  causes 
in  existence  on  which  we  can  adequately  rely  to  remove  the  sewage 
from  the  water.  Medical  statistics  will  tell  you  more  about  the  mju- 
rious  or  non-injurious  character  of  sewage  water  than  any  analysis 

would  do.  ,      •,      , .  •  •  4.1, 

'  7009  Dr.  Frankland  considers  that  this  organic  mtrogen  m  the 
London  water  is  of  a  very  different  value  from  that  in  other  waters, 
because  the  propoi-tion  of  organic  carbon  to  the  mtrogen  in  the  waters 
is  different  ?— Yes  ;  this  appears  to  me  a  very  important  fact. 

'  7011.  You  think  that  the  tests  of  the  greatest  dehcacy  are  yet  in- 
suflacient  to  determine  the  points  at  which  sewage  ceases  to  be  present  ? 
—I  will  state  a  case,  which  is  really  an  absolutely  analogous  case  to 
the  case  of  water  ;  namely,  the  case  of  the  atmosphere.  You  may  look 
at  the  atmosphere  as  reaUy  a  great  ocean.  Gases  from  drai^  are  being 
discharged  into  this  gaseous  ocean,  just  as  the  water  from  the  di-ains  is 
eoino-  into  the  river.  These  gases  are  so  diluted  when  they  get  into 
the  atmosphere,  that  chemical  analysis  is  absolutely  impotent  to  rev^l 
their  presence  in  any  given  portion  of  the  atmosphere.  But  nobody 
can  doubt  the  injurious  eflects,  imder  certam  conditions,  of  the  gases 
and  other  organic  matters  present  in  the  atmosphere.  Another  most 
important  thing  is  this,  that  reaUy  there  is  no  reason  whatever  to  be- 
lieve that  the  inimious  character  either  of  sewage  or  of  gases  from  a 
drain  depends,  fUdamentally,  upon  the  quantity  of  that  sewage  or  of 
that  gas  •  in  all  probability  it  far  more  depends  upon  the  quality  of  the 
sewage-namelv,  what  it  consists  of.  Now,  what  is  the  nature  of  the 
poisonous  matter  in  the  atmosphere  or  m  the  sewage?  ^^'e  do  not 
fenow  that  at  aU.  Therefore,  how  can  we  possibly  say  when  that 
poisonous  matter  is  got  rid  of  from  the  water  or  from  the  air  ?  It  is  a 
Question  that,  with  "the  means  at  om-  disposal,  it  is  absolutely  impos- 
sible to  answer  :  .  .  .  but  the  question  arises,  as  I  said  before,  whether 
a  prudent  person  likes  to  drink  water  which  contains  a  certain  quantity 
of  nitrates  and  nitrites,  or  that  when  analysed  is  found  to  contain  a 
certain  quantity  of  organic  carbon  and  nitrogen-water  into  which  you  . 
have  deliberately  put  cartloads  of  sewage  at  some  time  or  other  in  its 

^°^^?641  If  water  is  suppHed  to  a  town  from  a  river  which  in  a  part 
of  its  course  has  received  previous  sewage  contamination,  and  if  that 
water  is  used  on  a  krge  scale  by  that  town,  and  produces  no  ill  results, 
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and  chemical  analysis  fail  to  detect  anything  unusual  in  its  character, 
is  it  not  a  fair  presumption  that  such  water  is  wholesome,  and  good 
water  for  the  use  of  a  town  supply  ? — The  question  is  xolietherit  can  he 
ahoays  mid  pennanently  so  used.  That  seems  to  me  to  be  the  real  point 
at  issue.  We  should  have  found  out  long  ago  the  injurious  effects  even 
of  mnall  quantities  of  seivage  if  the  sewage  were  ahvays  injurious  ;  hut 
that  is  not  asserted.  It  is  only  supposed  that  under  certain  exceptional 
conditions,  even  seiuage  may  become  very  injurious.  The  injurious  cha- 
racter of  a  tvater  impregnated  with  sewage  matter  might  not  be  dis- 
covered for  years.  You  might  go  on  u^ing  it  for  years,  and  it  might  not 
he  discovered ;  and  yet  you  might  have  some  outbreak  of  disease  in  the 
place,  tvhich  neve7-theless  inight  be  connected  with  the  use  of  that  sewage 
water.'' 

Following  the  evidence  of  Sir  Benjamin  Brodie  came  that  of  the 
late  Dr.  Miller  and  Dr.  Angus  Smith.  From  this  it  is  not  necessary 
to  quote,  but  it  wiU  be  sufficient  to  observe  that  these  gentlemen  sup- 
ported to  a  considerable  extent  the  views  of  Dr.  Frankland  relative  to 
the  nitric  acid  in  water. 

The  Commissioners  themselves  make  the  following  observations  in 
reference  to  the  self-purification  of  streams : — 

'  But  though  for  these  reasons  Ave  believe  that  the  organic  con- 
tamination of  the  Thames  is  much  less  than  is  commonly  imagined, 
stiU  it  would  be  sufficient  to  do  great  mischief,  were  it  not  for  a  most 
beneficial  provision  of  Natm-e  for  effecting  spontaneously  the  pmifica- 
tion  of  the  streams.  Some  of  the  noxious  matter  is  removed  by  fish 
and  other  animal  life,  and  a  fiu-ther  quantity  is  absorbed  by  the  growth 
of  aquatic  vegetation  ;  but  in  addition  to  these  abstractions,  important 
changes  are  effected  by  chemical  action.  The  organic  compoimds  dis- 
solved in  the  water  appear  to  be  of  a  very  imstable  constitution  and 
to  be  very  easily  decomposed,  the  great  agent  in  this  decomposition 
being  oxygen,  and  the  process  being  considerably  hastened  by  the  motion 
of  the  water.  Now,  as  such  water  always  contains  natiu-ally  much  air 
dissolved  in  it,  the  decomposing  agent  is  ready  at  hand  to  exert  its 
influence  the  moment  the  matter  is  received  into  the  water  ;  in  addition 
to  which  the  motion  causes  a  fiirther  action  by  the  exposure  to  the 
atmosphere :  and  while  (as  in  the  Thames)  the  water  falls  frequently 
oyer  weirs,  passes  through  locks,  &c.,  causing  fiirther  agitation  and 
aeration,  the  process  must  go  on  more  speedily  and  more  effectually. 

'  The  effects  of  the  action  of  oxygen  on  these  organic  matters  when 
complete  is  to  break  them  up,  to  destroy  aU  their  peculiar  oro-anic 
constitution,  and  to  rearrange  their  elements  into  permanent  inorganic 
forms,  innocuous,  and  free  from  any  deleterious  quality,' 

On  this  ;plea8ing  pictm-e  we  would  now  offer  a  few  comments. 

Ju^*'  T'^^^  regard  to  the  removal  of  some  of  the  noxious  matters 
by  fish  and  vegetables,  we  would  remark,  that  during  their  life  they 
perform  execretory  functions,  giving  up  to  the  water,  products,  the 
nature  and  properties  of  some  of  which  are  not  weU  ascertained,  and 
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the  imbiljition  of  which  by  human  beings  is  not  altogether  a  pleasant 
subject  to  contemplate.  Again,  it  must  be  remembered,  that  the  time 
arrives  when  these  animals  and  vegetables  die,  and  aid  m  the  corrup- 
tion of  the  water ;  there  is  always  in  every  river  a  vast  quantity  of  de- 
cayino-  vegetable,  and  not  a  little  animal,  matter. 

Secondly.  Although  the  oxidising  process  above  descnbed  does  in 
time  effect  the  destruction  of  certain  forms  and  kinds  of  organic  matter, 
no  evidence  has  yet  been  obtained  showing  that  it  reaUy  does  destroy 
the  mnteries  morhi  of  cholera,  typhoid,  and  other  epidemic  and  con- 
tagious diseases,  and  of  which  it  has  been  found  that  water  is  a  fi-equent 

distributor.  ,  ,   ,  ,i       ^.       /.  •  i 

Thirdly  Neither  has  it  been  proved  that  the  action  of  oxygen  is  to 
convert  even  in  those  cases  in  which  changes  are  reaUy  effected,  all 
the  oro-anic  sxihs\&'ac&&  '  into  permanent  inorf/anie  fonm,  inrw.vi&m  and 
free  from  any  deleterious  quality;'  in  fact,  the  usual  effect  ot  the 
transformation  is  to  convert  one  series  of  organic  compounds  into 
another  of  a  different  nature.  •,    ,  .  .i. 

Fourthly  The  important  fact  is  overlooked  that  the  apparent 
nurilicationis  in  part  due,  not  to  chemical  transformation  at  aU,  but  to 
m-ecipitation.  It  is  in  this  way  that  the  fjEcal  and  much  other  sus- 
pended matter  is  removed  from  runmng  water  ;  it  falls  to  the  bottom 
of  the  river,  fouling  the  bed,  and  in  its  turn  polluting  the  water. 

We  wUl  now  make  a  few  further  remarks  as  to  the  significance  to 
be  attached  to  the  presence  of  the  niti-ogenous  organic  matter,  ammonia, 
and  nitric  acid  foimd  in  water.  These  are  in  themselves  in  no  respect 
iniurious  except  when  contained  in  water  m  very  considerable  aniount ; 
waters  are  met  with  which  contain  but  smaU  quantities  of  such  sub- 
stances, andyethavebeen  productive  of  disease;  on  the  other  hand,  waters 
are  in  use  largely  contaminated  with  such  compounds,  and  which  have 
yet  not  been  known  to  produce  disease.  The  interest  which  attaches  to 
the  nitrogenous  organic  matter,  the  nitiic  acid,  &c.,  of  water,  and  the 
reason  for  determimng  the  quantities  in  which  these  are  present,  lies 
in  the  fact  taught  by  experience,  that  as  a  rule,  to  which  there  are 
Sany  exceptions,  waters  which  abound  m  those  substances  are  those 
which  mos^t  frequently  give  rise  to  disease  5  but  ^he  purest  dM 
Zater  loould  do  the  same  thim,  if  in  any  way  xt  were  to  become  coniami- 
nated  xdth  the  infectious  or  contaytom  matter  of  typhoid  fever :  and 
Sence  L  public  'ought  obstinately  to  refuse  to  dinnk  water  and  esp^ 
Sly  rive?  water,  polluted  with  sewage,  and  this  although  they  are 
assured  it  has  been  filtered  after  the  manner  usuaUy  practised  by  water 

*''*"The  next  point  to  which  we  would  advert  is  the  interpretation  to  be 
put  on  the  presence  of  nitrates  and  nitntes  in  water.  Dr.  Fi^.i^l^land 
Srms  that  they  are  derived  from  the  oxidation  of  various  kinds  of 
Sr-enous  matter  proceeding  from  seveml  diflerent  sources,  and  that 
SCount  indicates  the  extent  of  the  contemmation  to  ^vbch  the 
^^aters  containing  them  have  been,  at  some  time  or  other,  subjected. 
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Dr.  Odling  dissents  from  these  views,  and  thinks  there  may  be  other 
sources  of  the  nitrates  and  nitrites,  but  does  not  indicate  a  single 
additional  source,  while  the  facts  adverted  to  in  reply  to  question  6462 
rather  con&m  than  otherwise  Dr.  Frankland's  views  as  to  the  soui'ce 
and  origin  of  those  oxidized  nitrogenous  compounds.  It  is  only  when 
Dr.  Frankland  bases  his  estimate  of  the  previous  sewage  contamination 
on  the  quantity  of  nitrogen  thus  found  that  he  seems  to  be  at  fault ; 
but  even  here  the  fault  is  rather  in  the  opposite  direction  to  that  indi- 
cated by  the  objectors  to  Dr.  Frankland's  views.  Thus  in  waters  con- 
taining much  vegetation,  part  of  the  nitric  and  nitrous  acids,  as  well 
as  of  the  imdecomposed  nitrogenous  matter,  are  absorbed,  and  so  dis- 
appear, and  are  lost  to  analysis  and  subsequent  calculation. 

The  late  Dr.  Miller,  like  Dr.  Odling  and  one  or  two  other  vntnesses, 
expressed  the  opinion  that  the  nitric  acid  found  in  water  might  be 
derived  from  other  sources  than  decaying  organic  matter,  vegetable  or 
animal,  in  air  or  water ;  but  Dr.  Miller,  like  other  witnesses,  failed  to 
indicate  any  other  source  than  that  mentioned,  and  we  believe  we  may 
take  it  as  an  established  fact,  so  far  as  relates  to  the  waters  in  domestic 
use  in  this  coimtiy,  that  the  nitric  acid  contained  in  them  is  invariably 
derived  from  organic  matter  of  some  kind  or  other,  and  it  is  for  this 
position  that  Dr.  Frankland  has  so  long  and  ably  contended. 

Nitric  acid  in  water  is,  then,  really  to  be  regarded  as  the  represen- 
tative of  decayed  organic  matter;  or,  as  Dr.  Frankland  somewhat 
figuratively  denominates  it,  as  the  skeleton  of  sewage,  and  as  the  evi- 
dence, and  to  some  extent  the  measm-e,  of  previous  sewage  contamina- 
tion. But  this  being  so,  it  does  not  follow  that  every  water  containing 
it,  even  in  large  amoimts,  is  to  be  condemned  ;  on  the  contrary,  sup- 
posing the  nitric  acid  to  be  unaccompanied  by  nitrogenous  matter,  and 
further,  supposing  the  water  not  to  be  liable  to  ready  contamination 
by  such  matter — as,  for  example,  the  waters  of  the  deep  wells  of  Kent 
—then  we  may  safely  presimie  such  water  to  be  safe  for  use,  even  for 
drinking  purposes ;  although  this  water  is  too  hard  to  be  the  type  of 
really  the  best  and  most  suitable  water  for  domestic  use.  When, 
however,  a  water  contains  any  considerable  amount  of  nitric  acid,  and 
at  the  same  time  any  great  amount  of  nitrogenous  organic  matter,  or, 
if  even  free  from  such  matter,  is  placed  imder  such  circumstances  as 
to  render  it  liable  to  such  contamination,  then  the  water  should  be 
condemned  and  avoided. 

To  the  above  observations  of  our  .own  may  be  added  some  of  the 
criticisms  of  the  Commissioners  relative  to  the  inferences  based  upon 
chemical  analyses  made  for  them,  and  especially  the  conclusions  of 
Dr.  Frankland,  to  which  we  have  already  referred  at  such  length. 

The  Commissioners  specially  object  to  the  term  '  original  sewage 
contammation,'  and  to  the  statement  that  the  quantity  of  nitrites  and 
nitrates  found  represent  the  measure  of  the  'previous  sewa<^e  con- 
taminations. They  remark  that  Dr.  Frankland  refers  the  origin  of 
the  mtntes  and  mtrates  '  not  simply  to  organic  matter  taken  generally, 
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but  to  sewage  or  manure  matter  specially;'  and  they  state,  'this 
seems  to  he  an  inference  which  can  hardly  be  accepted.    It  would  be 
perfectly  correct  if  aU  the  nitrogenised  matter  supplied  to  the  Thames 
or  other  waters  was  after  conversion  into  nitrites  and  nitrates  retained 
in  the  water,  and  if  also  all  those  salts  could  be  referred  to  sewage  and 
manure  matter  only.    But  such  is  not  the  case.  'All  the  analyses, 
they  say, '  show  how  variable  the  quantity  of  those  salts  is  in  diflerent 
parts  of  the  river's  com-se,  and  that  the  quantity  present  at  any  place 
is  not  so  much  dependent  upon  the  sewage  received  as  the  removal 
which  has  been  effected  by  vegetation  and  other  causes,  by  the  inter- 
ference of  the  tributaries,  and  by  the  addition  from  springs;  so  that, 
even  supposing  them  to  originate  solely  from  ammal  matter,  the  residue 
affords  no  comparative  results  as  to  the  amount  of  the  ongmal  con- 
tamination.   The  interfering  causes  are  too  numerous  to  allow  us  to 
assign  any  value  to  the  remainder.' 

These  strictures  of  the  Commissioners  are  to  a  certain  extent 
correct-  there  is  no  doubt  but  that  nitrous  and  nitnc  acids  m  water 
are  formed  from  the  decomposition  of  almost  .l^^^d  of  orgamc 
matter,  though  in  sewage-polluted  rivers  they  are  doubtless  krg% 
derived  from  sewage,  and  animal  nitrogenous  matter;  also  that  th^ 
acids  once  formed  disappear  fi-om  water  fi'om  the  «a?«e«^!^«,°t  Xt 
by  the  Commissioners.  What  then  we  have  to  bear  m  mmd  is  tiiat 
the  ^idB  in  question  take  their  origin  m  mtrogenous  orffamc  mcOt^ 
of  some  kind  or  other,  not  exclusively  ^^wage  ;  and  next  that  the 
iiterfering  causes'  are  causes  of  decrease,  so  that  the  quantities  ot 
nitrous  a?d  nitric  acids  actually  found  represent  usually  far  less  than 
Hhe  previous  organic  contamination.'  fo  get  at  an  approximation 
of  the^  organic  poUution  of  water,  at  least  three  things  must  deter- 
mined: the  ft-ee  ammonia,  the  nitrous  and  nitnc  acids,  and  the 

^n^fcomi^Sr^^^^^^  that  the  sources,  such  as 

springs  and  weUs,  most  fi-ee  from  possible  contammation,  show  the 
iLef  skeletons,  that  is  to  say,  the  largest  amount  of  nitac  acid,  and, 
Say  be  remarked,  the  smallest  amount  of  undecomposed  -tirognous 
matter.  This,  of  course,  it  is  unportant  to  bear  m  m  nd :  but  stiU  the 
S  remains,  that  the  nitric  acid  of  springs  and  wells,  however  deep, 
of  cS  iSlf,  and  of  soils,  owes  its%xistence  to  oxidised  organic 
mattS  and  that  the  quantity  found  does  really  represent  a  certam 
Tantity  of  that  organic  matt'er.  The  water  of  deep  weUs  makes  ite 
laT  nto  those  welb  from  the  surface,  c^^J'^^f /^^"^  3me 
matter,  which,  for  the  most  pari,  ere  it  reaches  these  wells,  has  become 

'"Tltit'cmf  t?f  to  remark  that  in  most  analyses  the  oxidized 
or  Jnic  matter  Ts  put  down  as  niti-ic  acid,  and  no  attempt  is  made  to 
SrminTwhethe?  the  acid  reaUy  exists  in  that  form  or  as  niti-ous 
S    Now  this  is  really  a  distinction  of  great  practical  importance, 
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and  no  chemist,  we  appreliend,  would  refuse  to  condemn  a  water  in 
which  nitrous  acid  was  present  in  any  considerable  amoimt. 

Ihin/ication  by  Filti'ation. 

Another  highly  important  means  of  pmification  is  hy  filtration. 
The  process  of  purification  which  finds  its  best  exemplification  in  na- 
ture— namely,  percolation  through  soils — is  more  or  less  imitated  in  the 
various  methods  and  media  adopted  for  artificial  filtration.  The  prin- 
cipal of  these  media  consist,  of  animal  and  vegetable  charcoal,  including 
that  derived  from  peat,  metallic  iron,  magnetic  oxide  of  iron,  peroxide 
of  manganese,  a  mixture  of  silica  and  charcoal  or  silicated  carbon,  and  of 
carbon  and  magnetic  oxide  of  iron  or  magnetic  carbide,  sand,  gravel,  clay, 
and  a  great  variety  of  porous  substances,  including  sandstones,  wool, 
sponge,  &c.  Of  the  mode  of  action  of  several  of  these,  special  explana- 
tions will  be  given,  but  many  of  them  act  in  the  two  following  ways — 
first,  by  the  removal  of  suspended  matters,  and,  second,  by  dividing  the 
water  and  so  bringing  it  into  intimate  contact  with  the  aii-  which  per- 
meates and  fills  the  interstices  of  the  several  filtering  media  through 
which  the  water  passes. 

Of  course,  the  powers  of  all  filters  are  limited,  and  they  speedily 
become  spoiled  when  too  much  work  is  thrown  upon  them  at  one 
particular  time — that  is  to  say,  when  water  containing  a  large  quantity 
of  organic  matter,  say  six  or  eight  gi-ains  per  gaUon,  is  rapidly  passed 
through  them.  In  this  case  the  requisite  time  is  not  afibrded  for  the 
due  action  of  the  filters,  which  become  simply  clogged ;  but  when  water 
containing  only  a  moderate  amount  of  impurity,  as  one  grain  per  gallon, 
especially  of  organic  matter  in  solution,  is  passed  through,  then  the 
action  of  the  better  filters,  particularly  those  containing  charcoal,  is  not 
only  satisfactory,  but  continuous.  Still,  all  filters  require  to  be  cleansed 
from  time  to  time,  including  even  those  into  the  composition  of  which 
charcoal  enters. 

Dr.  Parkes  gives  the  following  directions  for  the  cleansing  of 
domestic  filters :  <  Every  two  or  three  months  (according  to  the  kind 
of  water)  4  to  6  oimces  of  the  Pharmacopoeial  solution  of  potassium 
permanM,nate,  or  20  to  30  grains  of  the  solid  permanganate,  in  a 
quart  of  distilled  water,  and  10  drops  of  strong  sulphiu-ic  acid,  should 
be  poured  through,  and  subsequently  a  quarter  to  half  an  ounce  of  pure 
hydrochloric  acid  in  2  to  4  gallons  of  distilled  water ;  this  both  aids 
the  action  of  the  permanganate  and  assists  in  dissolving  manganic 
oxide  and  calcium  carbonate.  Three  gallons  of  distilled  or  good  rain 
water  should  then  be  poured  through,  and  the  filter  is  fit  again  for  use.' 

In  order  to  insiu-e  the  freedom  of  the  animal  charcoal  used  fi-om 
phosphate  and  carbonate  of  lime,  it  should  be  well  washed  with 
hydrochloric  acid,  and  should  it  be  desired  to  ascertain  to  what  extent 
any  charcoal  has  become  deteriorated  by  use,  the  nitrogen  is  to  be 
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estimated  W  distiUation  with  permanganate  of  soda  or  potash,  or  hy 

''^^^fZrL':n^:l  of  an  mtenn.  materials.is  animal 

chaJcoal,  as  also  that  its  efficiency  ^ep-ds  mamly  upm^^ 
ordinary  ahsorbin-  and  oxidising  properties,  and  hence  th^^ 
enters  into  the  composition  of  nearly  all  the  portable  and  domefatic  niters 

ivnn  nxide  of  iron,  and  hvdi'Og-en  being  formed.    This  hjdio^en  com 
Ws  wWi  2e  nitroo-en  of  the  organic  matter  to  foi^n  ammonia  The 
Sn  of"ma^ e^  oxide  is  simply  t^^t  of  a  reducmg  agent  with- 
out  decomposition  of  the  water. 

Punjkaiion  by  Precipitation. 

Anotlier  metliod  of  piiriflcation,  wMcli  is  for  the  most  part  Bccha- 
niei'"t„the.picipitati„.^^^^^^^^^ 

"'•'t  ".tij,"  Sk~ig  procis"  Z  "mentioned,  ca^es 
j(th  i?  no  inconsiSble  portion  of  albimnnoid  matter  m 
down  with  "  ™  it  i3  Xrmed  that  organic  matter  is  jre- 

S^"d  wht e£?e;:fwater.  sn^a.  that  of  the  Oolne  are  mixed 

"'Vetr?Sef;tte  *:tta7most  important  means  of  the 

Sa^ndlis  we  'Sio  ft  some^lengthand  in  the  following  sepa- 

rate  section.  mirified  to  a  considerable  extent,  it 

By  hoibnff  also  watei  ?^^y^^^^^^^^^  of  the  whole  of  the 

causing  the  pi^cipite^^^^^^  ^ 

carbonate  of  hme  J^J^  ^ther  living  organic  produc- 

matter,  it  ^^t^^  renderin<-  innocuous  the  animal  poisons 

tions,and  it  is  also  possibly  renaei in    i  be  necessary 

productive  of  special  diseases,  and  ^J^'^^^^^^^^^        ^  should 

first  be  boiled,  and  this  P^f^"^^'"      .^^  ^.s^jsts  gi-eatly  in  ren- 

few  drops  of  in  so  sm^all  a  quantity, 

dering  a  water      « ^^^^J^^^^^  solution  should  be  added 

would  not  «f '^\^7J,?,Xhtr^^  and  fiirther  small  quantities 
until  ^'^^^,^,7,7::^  h?^^^^^^^  ceases  to  become  decolorised 
at  intervals  of  tbree  or  fo^J^^^^^^^.^     ^ost  cases  the  offensive  smeU 

of  i^p^rrt Xan^i^  1'^^  due  to  sulphuretted  hydrogen,  it  ^vUl 
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be  converted  into  sulphuric  acid,  sulpliates  of  manganese  and  potasli 
being  formed.  With  most  waters  treated  in  this  manner,  a  precipitate 
of  peroxide  of  manganese  occurs,  and  this  likewise  assists  in  the  pm-i- 
fication  of  the  water,  by  can-ying  down  suspended  matters. 

The  action  of  this  test  is  promoted  by  warming  the  water  previous 
to  its  employment.  Waters  thus  treated  sometimes  exhibit  a  faint 
yellow  tint,  arising  from  the  suspended  oxide  of  manganese.  This  is 
most  easily  removed  by  filtration  through  animal  charcoal,  but  by  the 
use  of  alum  the  same  object  may  also  be  usually  accomplished,  the 
combination  of  the  two  methods  producing  more  effectual  purification. 
Or,  lastly,  alum  only  may  be  added  to  water,  in  the  proportion  of 
about  6  grains  to  the  gallon.  This  substance  acts  best  in  those  waters 
which  contain  appreciable  quantities  of  carbonate  of  lime,  sulphate  of 
lime  being  formed,  and  these,  together  with  hydrate  of  alumina, 
become  precipitated,  carrying  down  with  them  in  then"  descent  most 
of  the  organic  matter  in  suspension,  with  a  little  of  that  also  in  sohi- 
tion.  No  reliance,  however,  should  be  placed  upon  this  test  for  the 
purification  of  a  really  bad  and  disease-contaminated  water.  Should 
a  water  be  deficient  in  carbonate  of  lime,  a  little  chloride  of  calcium 
and  carbonate  of  soda  may  be  added,  and  thp  water  allowed  to  stand 
for  some  time. 

Carbonate  of  soda  boiled  with  the  water  contributes  in  a  gi'eater 
degree  to  the  purification  of  water  than  does  simply  boiling,  since  not 
only  is  the  carbonate  of  lime  precipitated  by  the  boiling,  but  those 
salts  which  contribute  to  the  permanent  hardness  of  water  are  also 
decomposed,  the  follo-ndng  reactions  taking  place.  The  lime  and  mag- 
nesia of  the  sulphates  combine  with  the  carbonate  of  soda,  forming 
insoluble  carbonate  of  lime  or  magnesia,  while  the  sulphuric  acid  re- 
mains in  solution  as  sulphate  of  soda.  The  chl  orides  of  the  same  bases 
are  converted  into  carbonates,  chloride  of  sodium  resulting.  Lastly, 
the  nitrites  and  nitrates  of  lime  of  magnesia  are  likewise  converted 
into  carbonates,  nitrite  and  nitrate  of  soda  being  formed.  It  wiU  thus 
be  seen  that  the  chemical  action  of  carbonate  of  soda  in  softening 
water  is  very  Complete,  and  this  explains  the  popularity  of  the  use  of 
soda  for  washing,  cleansing,  and  even  cooking  purposes. 

GIT  'xrviKG  OEGANISMS'  IK  POTABLE  WATEE, 

As  we  were  the  first  to  employ  the  microscope  to  determine  the 
exact  nature  of  the  organic  matter  held  in  suspension  in  many 
waters,  we  have  some  right  to  express  an  authoritative  opinion  of  the 
significance  to  be  attached  to  the  presence  of  '  living  organisms'  in 
potable  water. 

The  siispended  organic  matter  contained  in  many  waters  is  proved 
on  examination  with  the  microscope  to  consist  of  vegetable  and 
animal  matter,  both  dead  and  living,  the  dead  consisting,  for  the  most 
part,  of  particles  of  decaying  vegetable  and  animal  tissues,  chiefly  the 
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former,  and  tlie  living  of  either  the  sporules  or  ova,  or  the  Mly  deve- 
loped organisms  of  a  great  variety     Fungi  and  Alg<B,  including 
macece,  JDesmidea,  and  Confem ;  of  Infmona  or  animalcules ;  of 
Entomostracea:  or  water-fleas,  oi  Annelida  or  worms,  and  of  countiess 
other  productions. 

Fig.  1. 


Thames  Water  at  EicmioxB,  1851. 

This  engraying  exhibits  the  principal  animal  and  'J^f'''*^P^f"^«2"p.^^/,^ 
contained  in  the  water  of  the  ThRmesat  Rtchmond.  Drawn  with  the  Camera 
Lucida,  and  magnified  220  diameters. 


In  some  waters  these  several  living  organisms  greatly  ahound,  and, 
indeed,  to  such  an  extent,  that  from  a  Winchester  quart  filled  with 
nnv  such  water  it  would  be  possible  to  obtain  illustrations  sufficient 
to  "  fill  a  whole  voliune.    Now,  it  should  be  remembered  that  these 
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organisms,  minute  as  are  many  of  them,  are  all,  or  nearly  aU,  to  he 
found  elaborately  described  and  fig-m-ed  in  a  variety  of  works  on 
natitral  history,  each  having  its  place  in  a  system  of  classification,  and 
each  being  distinguished  by  a  scientific  name. 


Kg.  2. 


THAiiES  AT  Waterloo  Bridge,  1851. 
This  engraving  shows  the  more  remarkable  animal  and  vegetable  productions, 
dead  and  living,  found  in  the  water  of  the  Thames  at  Waterloo  Bridge,  in- 
cluding fragments  of  muscular  fibre,  magnified  220  diameters. 


Now  it  is  especially  in  the  water  of  rivers,  and  particularly  those 
contaminated  by  sewage,  that  these  living  productions  most  abound  ; 
these  waters  may  in  general  be  said  to  swarm  with  them.  They  also 
occur  abundantly  in  the  water  of  ponds  and  lakes,  and  occasionally 
to  a  much  less  extent  in  that  of  shallow  wells ;  but.  usually  they 
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are  aljsent  from  such  waters,  as  they  are  invariably  from  those,  of  the 
deeper  and  purer  swings  and  tvells.  , 

The  pm-er  watera  heing  free  from  them,  they  are  hence  m  no  respect 
essential  to  water;  they  aU  contain  nitrogen,  which  they  derive  from 
the  nitrogenous  matter  contained  in  the  water,  and  they  are  therefore. 


Fig.  3, 


Grand  Juncnoif  Compajtt,  1851. 
This  pnernvin»  rpnresents  the  animal  and  TC(7etaWi' productions  then  contained 
in  the  water  Is  supplied  by  the  Grakd  JuNcnoN  Compant.  220  diameters. 

beyond  all  question,  an  evidence  of  the  existence  of  impurity  in  the 
waters  iu  which  they  are  found.  _  , 

That  they  also  help  to  purify  such  water  by  appropnating  a  por- 
tion of  the  dead  organic  matter  in  solution,  and  fixing  at  in  their  own 
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livino-  tissues,  and  so  arresting  decomposition,  is  also  true  ;  but  those 
who'' drink  such  -waters  are  still  under  the  necessity  of  swallowing 
them  in  the  living  state. 

Now  these  well-known  and  scientifically-named  living  organisms 
abound  in  the  unfiltered  waters  of  the  Thames,  Lea,  and  New  River ; 


Pig.  4. 


"West  Mibdussex  Gompant,  1851. 

Exhibits  the  principal  animal  and  vegefaWe  prodnctions  then  contained  in  the 
■water  of  the  West  Middlesex  Co^ipany.  220  diameters. 


but  by  the  process  of  filtration  to  which  the  waters  of  the  London 
water  companies  are  now  subjected,  a  very  large  proportion  of  them 
is  removed ;  but  usually  by  no"  means  the  whole.  So  that  the  number, 
variety,  and  size  of  the  living  organisms  still  contained  in  the. 
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London  waters  after  filtration,  as  delivered  "by  the  companies  to  tbe 
consumers,  afford  an  excellent  test  of  the  efficiency  or  otherwise  of  the 
means  of  filtration  adopted. 

Any  person,  therefore,  who  fails  to  test  by  the  microscope  the 
efficiency  of  the  filtration  of  any  water  known  to  contain  such 


Chelsea.  Compahy,  1861. 

Exhibits  the  chief  animal  and  vegetable  productions,  inclnding  husk  of  wheal, 
present  in  the  water  of  the  Chelsea  Compajtt.  220  diameters. 

organisms,  neglects  to  employ  a  very  valuable  means  of  ascertaining  so 
important  a  fact. 

So  great  is  the  effect  of  filtration  in  reducing  the  number  of  living 
productions  in  water,  that  we  are  even  led  to  entertain  the  hope  that 
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a  process  of  filtration  may  be  devised  and  practised  which  will  entirely, 
or  almost  free,  our  metropolitan  diinking-waters  from  these  highly 
objectionable  inhabitants. 

This  result,  it  should  be  borne  in  mind,  however,  is  as  yet  far 


from  being  realized, 


Fig.  6. 


SOUTHWAKK  AND  VaXTXHAM,  COMPANY,  1851. 

Exhibits  the  principal  animal  and  vegetable  productions  then  contained  in  the 
■water  as  supplied  by  the  Southwark  and  Vauxhall  Company.  220 
diameters. 

We  now  beg  to  call  the  special  attention  of  the  reader  to  the  fol- 
lowing remarks. 

It  is  the  belief  of  many  medical  men  of  high  position  and  attain- 
ments that  cholera  and  some  other  diseases  owe  their  origin  and  difiii- 
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sion  to  minute  germs  contained  in  water,  and  especially  in  the  water 
of  rivers.  Well  now,  if  the  process  of  filtration  is  not  efficient  enough 
to  remove  all  those  more  considerahle  and  weU-known  creatures, 
which  are  named,  described,  and  figured  in  scientific  hooks,  it  cer- 
tainly must  faU  to  remove  the  minute  cholera  germs,  &c. 


Lambeth  Cojipajit,  1851. 

Exhibits  the''orgamc  matter,  living  and  dead,  especially  the  Thames  Pammeritim 
and  husk  of  wheat,  then  contained  in  the  water  as  supplied  by  the  Lambeth 
Company.  220  diameters. 


'  Ah,  hut,'  exclaims  somebody, '  I  don't  believe  in  cholera  germs.' 
"Well,  at  all  events,  the  fact  is  established  to  the  satisfaction  of  most 
scientific  men,  that  cholera  is  communicable  through  the  medium  of 


WATER  AND  ITS  IMPURITIES.  45 

impiu'e  water,  and  that  it  lias  tliiis,  more  than  once,  been  diffused  by 
Thames  water ;  and  if  the  poison  of  that  disease  be  not  in  the  solid,  it 
must  be  in  the  liquid  form;  and  if  the  process  of  filtration  now 
adopted  is   not  sufficient   to  remove  solid  impurities  —  'living 


Pig.  8. 


East  London  Company,  1861. 

Sample  of  the  water  of  the  East  London  Company,  showing  the  chief  animal 
and  vegetable  productions  then  contained  in  it  as  supplied  to  the  public.  220 
diameters. 


organisms' — it  ia  certainly  inadequate  to  the  abstraction  of  the  liquid 
poison. 

So,  view  the  matter  how  we  will,  it  is  impossible  to  arrive  at  any 
other .  feir  or  safe  conclusion  than  that  the  presence  of  these  organisms 


46  WATER  AND  ITS  IMPURITIES. 

in  potable  water  is  of  very  considerable  importance.  Bearing  all  these 
particulars  in  mind,  we  shall  now  be  in  a  position  to  judge  whether 
Dr.  Franldand  has  exceeded  his  duty  in  instituting  microsopical 
examinations  of  the  metropolitan  waters,  and  how  far  he  is  open  to  any 


Fig.  9. 


Kew  Eivke  Company,  1851. 
Sample  of  the  water  of  the  New  River  Compaky,  showing  the  more  remark- 
able animal  and  vegetable  productions  tiien  contained  in  it  as  supplied  to  the 
consumers.  220  diameters. 


lust  animadversion  for  publicly  commenting  on  the  presence  of 
living  oi-gunisms  in  such  water.  In  our  jud^ent,  had  he  not 
done  so,  he  would  have  fallen  short  of  that  plain  duty  which  he 
has  discharged,  in  the  interests  of  the  public,  so  ably  and  eo  coura- 
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geously.  That  a  charge  of  exaggeration  should  have  been  made 
under  this  head  is  the  more  to  be  regretted,  since  it  emanates  from 
those  who  from  their  position  and  duties  should  have  been  better 
informed  than  to  have  made  it,  and  since  their  authority  is  calculated 
to  mislead,  and  so  do  much  injmy  to  the  public. 


Fig.  10. 


Hampstead  COMi  any,  1851. 
Sample  of  the  water  of  the  Hampstead  Company,  exhibiting  the  principal 
^^^^roductions  then  detected  in  it  as  supplied  by  this  Company.  220 


With  a  quotation  from  one  of  the  reports  of  Major  Bolton,  the 
recently-appointed  Water  Examiner  to  the  Board  of  Trade,  and  who 
la,  we  beheve,  an  engineer,  and  not  a  chemist  or  microscopist,  and  with 
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one  or  two  brief  comments  thereon,  we  will  hi-mg  these  remarks  to  a 
conclusion: —  . 

<  I  think  it  is  to  he  regretted,'  reports  the  Water  Examiner,  that 
such  terms  as  "  limny  organisms  "  and  "  moving  organisms  "  have  heen 

Fig.  11. 


Kent  Company,  1851. 

Sample  of  the  water  of  the  Kent  CojrPANY,  exhibiting  the  animalculas  in  it 
then  as  supplied.   220  diameters. 

used  SO  frequently  and  indefinitely.  It  is  well  known  that  it  is  unpos- 
sihle  altogether  to  get  rid  of  the  simplest  forms  of  vegetable  and  animal 
life,  which  should  be  understood  by  such  terms,  even  by  the  most 
perfect  filtration,'  &c.  ,  ttt 

There  appears  to  us  to  be  far  more  reason  to  regret  that  the  Water 
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Examiner,  to  whom  the  piihlic,  from  his  official  position,  naturally  look 
for  sound  advice  and  protection,  should  have  penned  such  a  paragraph. 

Water  of  Grand  JrwcnoN  Company  (from  Cistern),  1854. 
Fig.  12, 


o,  ParaiDBBCia,  2  species  ;  6,  VorticeUa  convallaria ;  c,  Coleps  hirtus  •  d  Pan- 
donna  Morum;  e  Scenedesmiis  quadricauda  ; /,  Navicnla  amphisbiena;  a 
Navicula  sphasrophora ;  A,  Asterionella  f  jrmosa ;  i,  Fragilaria  capucina  •  * 
Brown  active  sporules ;  I,  Stationary  gi'een  sporules  ;  m.  Threads  of  flender 
220  dSirteS"^^""  ^"^^  ^^^^  '     ^^'^^  fluvialis.  Magniaed 

So  far  from  too  much  attention  having  been  paid  to  the  presence  of 
hvmg  productions  in  the  Metropolitan  waters,  the  reverse  is  the  case  ; 
and  m  most  examinations  of  such  waters  by  chemists  their  existence  is 
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usually  altogether  overlooked.  We  remind  tlie  Water  Examiner  that 
in  the  purer  waters,  those  freest  from  dangerous  contamination,  such 
as  those  of  springs  and  deep  wells,  these  productions  do  not  occur  at 


Watee  of  Southwabk  aud  Vauxhuj,  CoMPAinr  (from  Cistern),  1854. 

Fig.  13. 


a,  Blood-red  AnnelidBe  ;  6,  Brachionus  polyacanthus  ;  c,Euplotes  cliaron;  d, 
Paramsecia  ;  e,  Amphileptiis  ;  /,  Actinophrys  Sol ;  g,  Actinophrys  vlridis ; 
/(,  Pcdiastrum  Boryanum  ;  i,  Closterium  Lunula  ;  k.  Scenedesmus  quadri- 
cauda  ;  I,  Scenedesmus  acutus ;  m,  Scenedesmus  obtusus ;  n,  Cyclotella 
operculata  ;  o,  Kitzschia  Sigma  ;  p,  Synedra  minutiBsima  ;  /•,  Melosira  rari- 
aus  :  s,  Threads  of  slender  fungus ;  t.  Minute  star-shaped  bodies ;  «,  Organic 
and  earthy  matter.   Magnified  o  12,  h  100,  and  the  rest  220  diameters. 

all ;  that  their  presence  is  an  evidence  of  impui-ity ;  that  filtration,  as 
even  now  practised  by  the  water  companies,  does  succeed  in  removing 
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by  far  the  greater  number  of  these  living'  organisms ;  and  so  far  from 
acknowledging  that  it  is  impossible  altogether  to  get  rid  of  them  by  the 
most  perfect  filtration,  we  believe  that  it  is  possible ;  and  we  are 


■Water  of  Southwabk  and  Vatjxhall  Company  (from  Service-pipe),  1854. 

Fip.  14. 


a,  Brachionus ;  b,  Stentor  MuUeri ;  c,  Bursaria ;  d,  Paramecium  aurelia ;  e, 
Parania^cium  sp. ;  /,  Oxytrioha ;  g,  Vorticella  couvallaria ;  h,  Ooleps  liii-tus ; 
t,  Pediastrum  boryanum  ;  Scenedesmus  aoutus ;  /,  Melosira  vaviaiis  ;  m, 
Cyclotella  opercuiata;  n,  Navicula  amphisbaina  ;  o,  Cymatopleura  Solea; 
p,  Niczsohia  Sigmoidea ;  r,  Fragments  of  muscular  fibre ;  «,  Staroli  corpus- 
cles of  wheat ;  t,  Starch  ;  u,  Husk  of  wheat ;  w,  Hairs  of  wheat ;  x,  Earthy 
and  I  rganic  matter.   Magnified  220  diameters. 

very  certain  that  the  numbers  at  present  contained  in  the  London 
waters  might  be  still  further  very  gi-eatly  reduced  by  a  more  etHcient 

E  2 
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method  of  filtration  than  that  now  practised.  We  presume  that  even 
the  Water  Examiner  to  the  Board  of  Trade  will  not  affinu  that  the 
method  of  filtration  now  adopted  by  the  water  companies  is  the  most 
efiective  it  is  possible  to  devise. 

Major  Bolton  seems  very  much  concerned  lest  the  public  mind 
should  become  alarmed  as  to  the  state  of  the  present  water  supply. 
There  is,  unfortunately,  really  no  fear  of  any  such  result.  It  is  well 
known  that  it  is  nearly  impossible  to  rouse  the  public  on  such  ques- 
tions, and  that  they  almost  invariably  display  an  apathy  as  marvellous 
as  it  is  culpable.  t      n  x. 

It  is  some  satisfaction  to  Iniow  that  between  the  quality  of  the 
water  wherewith  the  metropolis  was  supplied  pi-ior  to  the  passing  of 
the  Act  of  1852,  and  that  which  is  now  furnished  to  its  millions  of 
inhabitants,  the  gi-eatest  possible,  indeed  we  may  almost  say  the  greatest 
conceivable,  difference  exists.  .  ^ 

Before  the  date  named,  three  of  the  companies  drew  their  supplies 
of  water  from  between  the  metropolitan  bridges— namely,  the  Lambeth, 
the  Southwarlc  and  Vauxhall,  and  the  Chelsea  Companies  ;  while  the 
West  Middlesex  Company  took  its  water  from  the  Thames  at  Hammer- 
smith, and  the  Orand  Junction  Company  from  the  river  at  Brentford. 
Now,  prior  to  1852,  it  was  an  easy  thing  to  demonstrate,  especially  in 
the  water  of  the  Southwark  and  Vauxhall  Company,  and  to  a  less 
extent  in  that  of  the  Lambeth  Company,  as  taken  from  the  mains,  the 
presence  of  the  constituents  of  the  facal  matter  derived  from  the 
sewers.  Thus,  by  means  of  the  microscope  could  be  readily  discovered, 
in  a  bottle  of  such  water,  the  cells  of  jMato,  the  hairs  and  husk  of 
wheat,  the  broken  mmcular  fibre  of  the  meat  consumed,  as  well  as  the 
filaments  of  the  cotton  plant,  derived  no  doubt  from  paper.  It  has 
been  our  lot,  not  unfrequently,  to  demonsti-ate  these  matters  m 
the  water  refeiTed  to,  while  in  the  pamphlet  entitled  '  A  Microscopical 
Examination  of  the  Water  Supply  of  the  Metropolis,'  pubHshed  m 
1850  as  well  as  elsewhere,  we  made  known  the  fact  and  represented 
the  constituents  of  fffical  matter  thus  detected  in  well-executed  wood 
enoravings :  thus  there  is  no  room  left  for  doubt  or  question.  In  addi- 
tion to  these  matters  present  in  the  water  of  certain  of  the  companies, 
they  all  swarmed  with  living  productions,  especially  Annelidae,  Infu- 
soriee  ConfervfB,  DesmidefE,  Diatomacese,  not  omitting  to  mention 
especially  our  old  friends,  Vibriones,  which  have  been  recently  chris- 
tened afresh  Microzymes  and  Bacteria. 

Well,  then,  at  that  period  it  was  a  common  thing  for  some  ot  the 
inhabitants  of  London  to  have  returned  to  them,  in  the  water  of 
which  they  daily  partook,  a  portion  of  theii-  own  excreta. 

This  horrible  state  of  things  has  no  doubt  been  rectified  by  the  Act 
of  1852  whereby  the  Thames  Companies  were  compelled  to  take  therr 
water  from  the  river  at  Thames  Ditton,  subjecting  it  to  comparatively 

efficient  filtration.  .  .   .  •,  xi.  • 

Although  we  have  on  many  occasions  demonstrated  the  impor- 
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tauce  of  the  microscope  in  determining  tlie  nature  of  the  organic  con- 
stituents contained  in  potable  waters,  yet  up  to  this  time  the  use  of 
that  instrmuent  in  the  examination  of  water  continues  to  be  greatly 
ueo-lected.  We  well  recollect  that  when  called  upon  to  give  evidence 
before  the  Committee  of  the  House  of  Commons  on  Water  Supply,  in 
1851  (of  which  the  late  Sir  James  Graham  was  chairman),  we  pro- 
duced abimdant  and  overwhelming  proofs  that  the  waters  with  v?hich 
London  was  then  supplied,  literally  swarmed  at  all  seasons  with  living 
productions,  and  this  even  as  delivered  to  the  consiuners.  We  showed 
nimierous  drawings  delineating  some  of  the  more  prominent  forms,  we 
gave  theu-  scientific  names,  and  described  the  classes  or  orders  to  which 
they  severally  belonged.  We  demonstrated  also  that  some  of  these 
waters  abounded  in  muscular  fibre  and  other  matters  derived  from  the 
ffeces,  and  yet  we  believe  that  this  evidence  failed  to  produce  the 
slightest  impression  on  the  Committee,  and  the  late  Professor  Brande, 
who  was  the  next  witness  examined  after  oiu'selves,  stated  in  the  most 
confident  manner  that  he  did  not  believe  that  the  waters  of  the  Thames 
contained  any  such  living  productions  as  had  been  described. 

Even  in  the  inquiry  relative  to  the  Water  Supply  of  the  Metropolis, 
which  was  conducted  before  a  Royal  Commission  so  late  as  1869,  no 
e^adence  was  taken  as  to  the  condition  of  the  waters  as  revealed  by  the 
microscope,  and  hence  the  Commissioners  were  left  without  a  very 
important  means  of  judging  the  quality  and  condition  of  the  then 
supply  upon  which  they  were  deputed  to  form  an  authoritative  opinion  ; 
and  here  it  will  be  well  to  point  out  that  rivers  as  som-ces  for  supply 
for  drinking  purposes  ai'e  objectionable  from  the  fact  that  they  teem 
with  thousands  of  dift'erent  kinds  of  living  productions ;  that  they 
contain  the  ova  of  various  parasites  ;  that  if  there  be  any  truth  in  the 
fungoid  or  animalcular  theories  of  diseases,  it  is  in  rivei-s  that  the 
germs  would  be  sure  to  be  present,  and  tkrough  them  that  the  diseases 
would  be  disseminated ;  and,  lastly,  that  if  epidemic  diseases  arise 
from  special  animal  poisons,  rivers  afibrd  the  most  efiective  channels 
for  their  difiusion. 

In  fact,  a  river  may  be  likened  to  an  open  sewer,  and  it  is  indeed 
the  readiest  channel  for  the  discharge  of  all  the  impiuities  of  the  dis- 
tricts through  which  the  river  flows.  * 

The  preceding  observations  have  reference  mainly  to  the  smaller 
organic  productions  present  in  water,  and  which  require  the  microscope 
for  their  satisfactory  examination  and  identification,  and  which  for  the 
most  part  are  free  and  imattached.  But  it  must  not  be  forgotten,  that 
the  larger  productions  contained  in  water,  ttsjish  and  aquatic  vegetation, 
exert  likewise  a  very  considerable  efiect  in  the  purification  of  water,  by 
removing  from  it  a  large  quantity  of  the  dissolved  organic  matter. 

The  illustrations  given  in  this  article  of  the  many  productions  foimd 
in  water  used  for  drinlring,  and  chiefly  those  of  the  Thames  and  Metro- 
politan Water  Companies,  were  made  some  years  since,  and  it  must  be 
clearly  imderstood  that  they  do  not  represent  the  condition  of  the 
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waters  now  supplied  by  those  companies,  which  has  of  late  undergone 
very  great  improvement.  Still  the  drawings  in  question  possess  much 
interest  and  value,  for  living  organic  productions,  animal  and  A'egetable, 
are  still  to  be  found  in  great  abundance  in  many  waters  employed  for 
all  domestic  purposes,  including  drinking. 

MICROZTMES  IN  WATER. 

Microzymes  or  Bacteria,  the  varieties  of  which  are  included  under 
the  general  term '  Schizomycetes,'  are  other  names  for  our  familiar  friends 
Vibriones,  concerning  the  presence  of  which  in  potable  water,  in  the 
renal  excretion,  and  in  the  rice-water  discharges  of  cholera,  we  many 
years  ago  treated  in  several  publications  relating  to  those  subjects. 
Dr.  Burdon  Sanderson,  by  his  recent  experiments  and  observations, 
has  invested  these  minute  organisms  with  a  new  interest  and  impor- 
tance, as  we  now  propose  to  make  apparent. 

Microzymes,  in  their  ftilly-formed  state,  consist  of  infinitely  minute 
bodies,  of  an  elongated  or  staft'-like  form,  and  with  roimded  and  slightly 
enlarged  ends.  They  appear  to  proceed  from  minute  pai*ticles  of  matter 
imbedded  in  a  transparent  base  or  substance,  often  of  a  spheroidal  form  ; 
they  are  coloured  brown  by  iodine ;  they  contain  nitrogen  in  their  com- 
position, and  are  now  believed  by  most  observers  to  be  of  a  A-egetable 
nature  allied  to  fungi,  both  morphologically  and  physiologically.  They 
occur  iu  liquids  or  moist  air,  but  not  dry  air :  in  the  first  instance  in  a 
jelly-like  basis,  which  also  is  presumed  to  be  of  an  albmninoid  cha- 
racter, but  subsequently  either  difllised  throughout  the  liquid  or  forming 
a  scum  on  the  surface  {  in  which  latter  case  Dr.  Sanderson  has  observed 
that  the  rods  stand  vertically  side  by  side.  They,  in  some  cases,  as  in 
Pasteur's  solution,  accompany  and  promote,  if  they  are  not  the  cause  of, 
putrefactive  decomposition,  feeding  on  the  nitrogen  of  the  albiuninoid 
material  Avhich  the  liquid  contains,  and  when  that  is  absent,  even  on 
the  nitrogen  of  an  ammoniacal  salt,  such  as  tartrate  of  ammonia. 

From  a  great  variety  of  expeiiments.  Dr.  Sanderson  ascertained 
that  microzymes  are  not  developed  in  liquids  which  have  been  heated 
to  a  temperature  of  ^350°  F.,  or  which  have  even  been  boiled,  and  this 
whether  the  liquids  are  exposed  to  the  air  or  not,  and  provided  also 
that  any  distilled  water  used  has  been  boiled,  and  even  the  surfaces  of 
the  glass  tubes  and  vessels  employed  have  been  heated,  either  by  im- 
mersion in  boiling  water,  or  by  subjection  to  the  temperature  named.^ 
Now  it  is  remarkable  that,  under  the  same  circumstances  which  pre- 
vent the  growth  of  microzymes, /mwi/i  appear,  especially  on  the  ex- 
posure of  the  liquids  to  air,  and  very  abundantly  in  Pasteur's  solution, 
which  consists  of  a  solution  of  sugar,  tartrate  of  ammonia,  and  yeast-ash 
only.    The  reason  of  the  necessity  for  boiling  the  distilled  water  and 

1  The  death  point  seems  now  to  be  very  dpfinitclj-  fixed  at  about  110°C.'= 
230°  F.  for  common  septic  bacteria.'   (Dr.  Sanderson,  in  lit.) 
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thorougHy  diying,  by  heat,  the  siu'face  of  the  glasses  used,  arises  from 
the  fact  that  the  germs  of  the  microzymes  are  to  he  found  in  many 
samples  of  such  water,  since  they  are  not  absolutely  pm-e,  and  even  in 
the'  moisture  resting  on  the  sm-face  of  glass.  That  ordinary  air 
does  not  contain  microzymes  was  proved  by  di'awing,  by  means  of  an 
aspirator,  a  quantity  of  air  through  a  boiled  test  solution,  no  micro- 
zymes appearing  in  the  liquid  after  it  had  been  kept  for  a  considerable 
time  ;  and  it  was  further  established  that  really  pure  distilled  water 
does  not  develope  microzymes. 

Now,  the  fact  of  the  great  impurity  of  many  samples  of  distilled 
water,  and  also  that  microzymes  or  vibriones,  fungi,  and  other  animal 
and  vegetable  productions,  are  frequently  developed  in  it,  has  long  been 
known.  The  existence  of  microzymes  in  many  impme  Waters  was 
some  years  since  pointed  out  by  the  writer  in  his  brochwe  entitled  '  A 
Microscopical  Examination  of  the  Waters  supplied  to  the  Metropolis,' 
and  elsewhere,  as  also  that  they  occiu-red  in  two  states — free,  and  in 
gelatinous  spheroidal  masses. 

Dr.  Sanderson,  therefore,  from  all  his  experiments,  an-ives  at  the 
conclusion  that '  water  is  the  primary  source  from  which  the  germinal 
particles  of  bacteria  are  derived,  whenever  they  seem  to  originate 
spontaneously  in  organic  solutions ; '  and  since  their  development 
depends  on  the  presence,  in  impm-e  water,  of  niti'ogenous  matter,  it  of 
course  follows  that,  the  greater  the  amount  of  this,  the  more  abimdantly 
are  the  microzymes  developed  when  the  water  is  added  to  Pasteur's  test 
solution ;  and  Dr.  Sanderson  proposes  to  judge  of  the  extent  of  this 
kind  of  impurity  of  water  by  the  degree  of  the  ojxilescence  produced  by 
different  waters  operated  upon  in  the  same  manner,  as  follows : — A 
small  cylindrical  glass,  capable  of  holding  ten  cubic  centimetres,  is  first 
heated  to  395°  F.  This  is  then  half-fiUed  with  boiling  Pasteur's 
solution,  and  to  this  are  added  five  drops  of  the  water  to  be  tested,  the 
mouth  of  the  glass  being  plugged  with  cotton  wool.  After  each  testing, 
the  pipette  used  must  be  immersed  for  some  minutes  in  boiling  distilled 
water.  If  impure,  after  the  lapse  of  from  six  to  ten  days,  the  upper 
part  of  the  liquid  will  be  observed  to  be  opalescent,  and,  on  examina- 
tion vnth  the  microscope,  microzymes  will  be  detected.  The  tube  in 
which  the  water  is  collected  for  examination  must  be  prepared  or 
superheated  beforehand,  both  ends  being  hermetically  closed  before  it 
leaves  the  flame  of  the  Islowpipe :  thus  prepared,  it  is  filled  by  breakino- 
off  one  end  while  it  is  imder  the  water.  ° 

Dr.  Sanderson  terms  the  power  of  water  to  develope  microzymes 
'  the  zymotic  property,'  and  measures  it  by  their  abundance,  and  the 
consequent  degree  of  opacity  to  which  their  presence  gives  rise. 

By  the  method  above  described,  the  waters  of  some  of  the  London 
companies  were  tested,  and  all  '  acted  zymotically  '  in  different  deo-rees 
filtration  exercising  '  no  perceptible  influence  on  the  zymotic  power  of 
water,' 

Further,  Dr.  Sanderson  found  that  water  obtained  by  the  fusion  of 
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ice,  whicli  was  so  pui-e  that  it  showed  only  a  blue  tint  under  the 
electric  beam,  was  '  as  zymotic  as  many  other  varieties  of  wat€r  which 
in  the  beam  are  seen  to  be  full  of  light  scattering  particles.' 

Lastly,  it  was  ascertained  that  the  microzymes,  when  thoroughly 
dried  at  a  temperature  of  104°  F.,  and  added  to  the  test  solution  in  the 
usual  way,  did  not  recover  their  vitalitj"^  and  give  rise  to  any  development 
of  microzymes ;  the  germinal  power  of  which,  when  similarly  tested, 
was  also  destroyed  by  ozone,  permanganate  of  potash,  carbolic  acid, 
quinine,  peroxide  of  hydrogen,  and  chlorine. 

Experiments  with  blood,  tissues,  albumen,  and  urine  showed  that 
these  are  non-zymotic,  while  the  results  with  milk,  pus,  and  blister 
serum  seem  somewhat  doubtful. 

Such  is  a  brief  and,  we  trust,  an  intelligible  exposition  of  Dr. 
Sanderson's  researches  and  many  experiments  '  On  the  Origin  and  Dis- 
tribution of  Microzymes  in  Water.'  ^  We  will  now  proceed  to  make  a 
few  remarks  on  the  results  obtained. 

As  abeady  stated,  the  fact  of  the  presence  of  microzymes  in  impure 
water  has  long  been  known,  but  the  observations  in  question  show 
that  either  the  microzymes  themselves,  or  the  germinal  matter  from 
which  they  proceed,  are  all  but  imiversally  present  in  water,  awaiting 
only  the  occun-ence  of  circumstances  favourable  for  their  fm-ther  de- 
velopment.   That  they  most  abound  in  waters  of  gi-eat  impurity  was 
also  ascertained,  and  that  from  such  water  they  should  be  freely  pro- 
duced when  supplied  with  nitrogenous  food,  as  is  the  case  when 
Pasteiu-'s  solution  is  used,  is  but  natural.    The  facts  as  to  the  non- 
conveyance  of  microzymes  by  dry  air,  and  their  destruction  by  thorough 
desiccation  and  by  various  re-agents,  are  interesting  and  important. 
Of  the  practical  value  of  the  microzyme  test  for  determining  the  quality 
of  a  water  we  do  not  think  very  highly,  and  believe  the  method  cannot 
be  made  safely  to  supersede,  or  be  a  substitute  for,  the  usual  qualitative 
and  quantitative  chemical  examinations  of  water.    No  proof  has  lieen 
given  that  the  microzymes  are  really  capable  of  giving  rise  to  con- 
tagious disease ;  they  are  contagious  only  in  the  sense  that  they 
infect  the  materials,  if  these  are  of  a  suitable  nature  to  support  them, 
with  which  they,  through  impure  water,  are  brought  into  contact. 
The  very  fact  of  the  universality  of  theu*  presence  in  water  is  a  reason 
for  regarding  these  particular  microzymes  as  harmless,  so  far  as  relates 
to  the  propagation  of  disease.    Fm-ther,  the  propriety  of  the  phrases 
'  zymotic  power,'  or  '  zymotic  property,'  may  be  questioned,  as  applied 
to  waters  which  either  contain,  or  are  capable  of  giving  rise  to  micro- 
zymes, since  the  inference  will  be  drawn  by  many  that  such  watera 

1  Dr.  Sanderson  now  use",  in  place  of  Pasteur's  solution,  a  suitable  solution  of 
soluble  salts  only,  dispensing  with  the  sugar  and  yeast  ash,  which  contains 
phosphate  of  lime.  The  advantage  of  this  is  that  sporules  and'tufts  of  fungi  are 
not  apt  to  appear  in  the  liquid,  and  a  clear  in  the  place  of  a  turbid  soluiion  is 
obtained,  so  that  the  commencenient  of  the  bacterium  opalescence  can  be  at  once 
observed. 
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possess  the  property  of  giving  rise  to  '  zymotic  diseases,'  which  has 
not  been  established. 

Dr.  Sanderson,  it  should  be  noticed,  however,  does  not  regard  any 
microzymes  as  contagious,  excepting  those  which  actually  inhabit 
contagious  liquids,  and  as  regards  these  last  he_  has  pointed  out  the 
absence  of  any  evidence  that  they  are  cames  of  disease. 

STANDAKT)  OF  PTJEITT  OF  DRINKING  WATEK. 

It  -would  be  a  good  and  useful  thing,  for  the  public,  and  even  the 
chemist  and  sanitarian,  if  a  Standard  of  Purity  could  be  fixed,  whereby 
the  quality — the  wholesomeness,  or  otherwise — of  waters  used  for 
drinldng  should  be  judged  and  determined.  At  present,  the  pm-ity  or 
impurity  of  a  water  is  expressed  by  some  such  terms  as  the  following 
— ^moderately  good,  good,  very  good  ;  or,  rather  bad,  bad,  very  bad ; 
no  two  persons  in  using  these  expressions  meaning  exactly  the  same 
thing,  having  no  rule  or  standard  to  guide  them  :  thus  a  water  which 
according  to  one  chemist  would  be  good,  to  another  would  be  bad. 

Now  it  is  by  no  means  an  easy  task  to  fix  upon  a  standard  of 
purity  which  all  would  be  willing  to  accept,  still  it  will  be  well  to 
consider  and  discuss  the  question,  in  order  to  ascertain  wherein  the 
difficulties  lie,  and  how  near  an  approach  can  be  made  to  such  a 
standard  as  is  now  sug-gested. 

Judged  by  its  physical  characters,  a  good  drinking  water  should  be 
entirely  free  from  colour,  taste,  or  smell ;  cool,  well  aerated  and  soft, 
bright,  and  entirely  free  from  all  deposit.  It  should  be  ever  re- 
membered, however,  that  the  gTeat  majority'  of  well  waters  in  towns 
and  cities,  notwithstanding  their  coolness  and  brightness,  are  more  or 
less  polluted  owing  to  the  proximity  of  drains,  cesspools,  and  sewers. 
Dr.  Frankland  defines  the  essential  qualities  of  a  good  drinking  water 
to  be,  '  first,  coolness  and  aeration ;  secondly,  freedom  from  organic 
matter  of  all  kinds ;  thirdly,  that  it  should  never  have  been  con- 
taminated by  sewage  or  manure  in  any  form ;  and,  finally,  that  it 
should  be  soft  water,  not  over  5°  of  hardness.' 

It  is  evident,  from  what  has  already  been  advanced,  that  a  much 
wider  range  may  be  allowed  to  the  mineral  matter  present  in  a  water 
than  to  the  organic.  It  is  desirable,  however,  as  a  rule,  that  this 
should  not  exceed  some  10  or  12  gi-ains  per  gallon,  on  account  of  the 
hardness  which  excess  of  mineral  matter  usually  entails.  The  water 
of  the  Thames  companies  contains  about  16-50  grains  of  mineral 
matter  to  the  gallon,  and  has  an  average  hardness  of  13'5°,  reducible 
by  boihng  to  3*5°,  and  yet  the  comparative  hardness  of  this  water  is 
often  complained  of,  and  it  is  certainly  objectionable  for  cooking  and 
washing  purposes,  although  it  is  mostly  of  the  temporary  character. 

Returning  a^ain  to  the  published  analyses  of  the  waters  of  the 
London  companies  deriving  their  supply  from  the  Thames,  the  quality 
of  which  is  generally  acknowledged  to  be  below  the  requisite  standard 
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of  purity,  we  find  that  they  still  contain  on  the  average  ahont 
IS-hundredths  of  a  gi-ain  of  albuminoid  organic  matter  to  the  gallon,  and 
consequently  the  amount  of  that  constituent  allowed  should  be  less 
than  that  above-named  ;  formerly  the  amoimt  of  albuminoid  matter 
contained  in  these  waters  was  very  much  greater. 

Again,  since  ammonia,  nitrous  and  nitric  acids  occur  in  very  many 
waters,  and  since  these  afford  indications  of  the  extent  of  contamina- 
tion to  which  a  water  is  subject,  the  limits  of  these  allowable  should 
also  be  defined. 

Now,  in  order  to  avoid  fixing  upon  any  impracticable  standai'd,  it 
will,  in  the  next  place,  be  desirable  to  quote  the  analyses  given  by 
the  Rivers'  Pollution  Commission  in  1871  of  some  of  the  purest 
waters  hitherto  supplied  for  the  use  of  towns  and  cities. 
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Kivington  Pike. 

Manchester  .... 
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•006 
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Preston  .... 
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Edinburgh  .... 

11-28 

•031 

•198 

From  Crawley  Burn. 

Whitehaven 

2-16 

•017 
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•000 

•001 

1^45 

Ennisdale  Lake. 

Keswick  .... 

4-34 

•024 
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•000 

•001 
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From  Skiddaw. 

Dublin  .... 

6-34 

•024 

-153 

•000 

•001 

2-97 

River  Varty. 

These  results  are  remarkable  and  for  the  most  part  very  satisfactory, 
for  they  show  that  not  only  are  waters  of  a  high  degree  of  purity 
attainable,  but  that  large  towns  and  cities  are  already  supplied  with 
t]iem — the  pmity  extending  even  to  the  mineral  matter,  rendering 
these  waters  not  merely  fitted  for  di-inkiug,  but  also  for  all  domestic 
pm-poses,  as  cooking  and  washing.  The  albmninoid  organic  matter  is, 
however,  in  most  of  these  waters  still  too  high ;  but  we  must  remember 
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that  Fraukland's  mode  of  analysis  furnis-lies  higher  results  than  does 
Wanklyn's  method. 

Talcing  into  consideration  the  several  data  above  given,  we  would 
fix  the  following  as  '  The  Standard  of  Purity'  at  which,  in  the 
supply  of  water  for  di-inking  purposes,  it  is  desirable  to  aim : — 


Per  100,000  Grains. 


Mineral 
matter. 

Free 
ammonia. 

Albuminoid 
matter. 

Nitric  and 
nitrous  acid. 

Hardness, 
temporary. 

Hardness, 
permanent. 

14-17  parts 

0-005 

0-10 

0-35 

10 

2 

The  following  analyses  of  a  few  samples  of  bad  water  are  in 
striking  contrast  with  the  standard  above  given : — 


Samples  of  Impure  Water  recently  Analysed  in  the  Laboratory  of  the  Author. 


Total  solids 

84-6 

104-8 

129-9 

68-0 

Total  hardness 

41-6 

59-2 

C8-0 

35-2 

Chlorine  . 

6-93 

15-618 

28-14 

12-340 

Free  ammonia 

1-288 

0-023 

0-014 

0-0091 

Albuminoid  ditto  . 

0-028 

0-01 

0-0081 

0-0131 

Nitric  acid 

9-072 

TotHl  solids. 

126-0 

108-9 

170-6 

95-5 

144-8 

Total  hardness  . 

26-7 

53-4 

29-2 

34-96 

30-6 

Chlorine 

12-0 

0-776 

23-70 

15-23 

11-862 

Free  ammonia 

0-003 

0-046 

0-006 

0-0069 

0-875 

Albuminoid  ditto 

0-01.3 

0-005 

0-012 

0-0219 

0-0098 

Nitric  acid 

10-991 

8-283 

0-186 

6-966 

5-092 

The  number  of  illustrations  of  bad  waters  might  have  been  further 
extended,  but  their  multiplication  would  serve  no  useful  purpose.  In 
nearly  all  cases  in  which  there  is  much  nitric  acid,  the  chlorine  is  also 
greatly  increased. 

It  must  be  clearly  understood,  however,  that  it  is  impossible  in 
many  cases  to  judge  of  the  quality  of  a  water  by  simply  regarding 
oply  one  result  of  an  analysis,  but  the  whole  must  be  taken  into  cou- 
sidera,tion,  and  the  one  balanced  against  the  other.  Thus  a  water  may 
contain  a  large  quantity  of  nitric  acid,  but  only  a  minute  quantity  of 
free  ammonia  and  albuminoid  matter,  and  such  a  water  would  have 
to  be  regarded  as  pure  and  fit  for  drinking  purposes.  Again,  another 
water  may  contain  a  considerable  excess  of  mineral  matter  as  well  na 
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nitnc  acid,  and  yet  be  a  very  pure  water  as  respects  the  organic  con- 
stituents, and  hence  it  might  be  used  for  dnnlvinj;  purposes  with 
safety,  although  its  hardness  would  render  it  less  'fit  for  domestic 
use  than  a  softer  water.  But  we  now  call  the  reader's  special  atten- 
tion to  what  follows.  Some  few  instances  are  on  record  in  which 
waters  with  but  little  organic  or  mineral  impurity  have  produced 
epidemic  disease;  and  had  a  chemical  standard  been  followed,  the 
•  water  would  have  been  pronounced  piu-e  and  wholesome.  It  is  in 
such  cases  as  these  that  so  far  chemistry  fails  us ;  but  these  are  for 
the  most  part  quite  exceptional,  and  such  cases  are  to  be  explained  bv 
the  contamination  of  the  water  with  the  special  poisons  of  cholera  and 
typhoid,  which  are  capable  of  producing  these  diseases,  even  when  the 
minutest  quantities  of  the  poisons  find  an  entrance  into  the  system. 
Now  this  last  fact  is  one  which  shows  how  necessary  it  is  to  avoid  as 
far  as  possible  the  use  of  all  waters,  like  those  of  rivers,  specially  liable 
to  contaminations  of  so  many  lands,  and  particularly  excremental 
impurity  and  the  discharges  of  persons  attacked  with  epidemic 
diseases. 

The  celebrated  surgeon,  Sir  W.  Fergusson,  in  his  address  at  a 
meeting  of  the  British  Medical  Association,  recently  held  in  Lon- 
don, told  the  doctors,  sanitarians,  and  chemists,  that  their  opinions 
about  water  were  all  wrong ;  that  in  the  case  of  a  water  supply 
quantity  is  of  far  more  importance  than  quality ;  that  we  ought  not  to 
object  to  dead  or  even  living  organic  matter  in  potable  water  '  in  the 
shape  of  a  few  fleas.'  Upon  what  grounds,  think  you,  has  the  learned 
and  respected  professor  arrived  at  this  startling  conclusion  ?  Firetly, 
because  a  great  deal  of  the  water  met  with  is,  in  its  imtreated  con- 
dition, more  or  less  contaminated,  and  hence  the  difficulty  of  obtain- 
ing pure  water ;  but  Sii-  William  fails  to  point  out  why  it  is  so  much 
of  the  water  met  with  is  thus  contaminated,  and  to  show  that  this 
contamination  is  due  to  the  polluting  influences  of  man  himself  through 
his  manufactures  and  his  sewage.  He  ignores  the  wise  old  maxim : 
'  Cleanliness  is  next  to  godliness.' 

Secondly,  he  bases  his  opinion  on  the  fact  that  the  soups  we  partake 
of  all  contain  large  quantities  of  organic  matter,  the  dread  of  the 
water  chemist ;  and  that  as  soon  as  ever  the  purest  water  is  swallowed 
and  brought  into  contact  with  the  human  body,  it  immediately 
becomes  contaminated  with  this  dreaded  animal  matter. 

In  making  these  remarks  Sir  William  proves  how  dangerous  and 
difficult  a  thing  it  is  for  one  not  really  conversant  with  the  subject  of 
which  he  treats  to  handle  it  aright.  iSy  them  he  shows  that  he  has 
totally  misunderstood  the  whole  point  and  meaning  of  the  question. 
It  has  never  been  contended  by  chemists  that  the  organic  matters 
determined  by  them  in  water  constitute  the  injurious  constituents,  the 
maten'es  morhi  in  water ;  they  simply  regard  the  quantities  in  which 
they  are  present,  combined  with  the  cu-cumstances  under  which  they 
occur,  as  the  measures  of  the  impiu-ity  to  which  they  are  exposed, 
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and  as  indicating  the  degree  of  liability  of  any  water  to  become  con- 
taminated with  the  special  poisons  of  cholera/tvphoid  fever,  or  other 
disease.  _  Viewed  in  this  light,  the  exact  determination  by  chemists 
of  the  impm-ities  of  water,  of  the  albuminoid  organic  matter,  &c. 
becomes  a  question  of  the  highest  importance,  since  it  is  the  means 
of  showing  not  only  where  danger  of  infection  exists,  but  also  where 
means  of  prevention  should  be  specially  adopted.  Thus  viewed 
It  is,  and  will  continue  to  be,  the  bounden  duty  of  the  physician,  the 
sanitarian,  and  the  chemist,  to  use  their  utmost  endeavom's  to  secure 
for  the  public  an  ample  supply  of  the  pm-est  water  which  can  by  every 
reasonable  means  be  obtained. 

Supply  of  Water  per  head. 

The  supply  of  water  for  a  town  should  be,  according-  to  the  best 
authorities,  about  25  gallons  per  head  per  day  for  all  purposes,  but  great 
variations  exist  m  the  actual  quantity  supplied  in  different  towns  and 
cities.  Thus,  according  to  Mr.  Bragg,  the  quantity  per  head  is  in 
ISorwich  12,  and  m  Derby  14  gaUons,  while  in  Edinbm'gh,  accordino- 
to  Parkes,  it  is  35,  in  Southampton  35,  and  in  Glasgow  50  gallons  per 
head.  Parkes  estimates  the  quantity  necessary  for  personal  and  domestic 
use,  without  baths,  at  12  gallons  per  head  per  day  as  a  minimum  supply 
and  with  baths  16  gallons ;  but  this  makes  no  aUowauce  for  water- 
closets  or  for  waste. 

It  has  not  yet  been  determined  what  quantity  should  be  allowed 
tor  closets,  but  Parkes  states  that  six  gallons  per  day  per  head  should 
probably  be  allowed  he  pointing  out  that  in  this  particular  instance 
lalse  economy  m  the  use  of  water  is  most  undesirable.  We  thus 
account  for  22  of  the  25  gallons  above  alluded  to  ;  but  since  aUowauce 
must  be  made  for  waste  and  for  an  extra  supply  for  closets,  the  esti- 
mate ot  25  gaUons  seems  a  fair  and  reasonable  one.  It  must  be  remem- 
bered, also,  that  a  less  amoimt  than  the  above  would  scarcely  suffice  to 
Sportancr^^^^*''^  cleansing  of  the  sewers,  an  object  of  such  essential 

mPTTKE  "WATER  A  SOimCE  OF  DISEASE. 
It  has  been  fully  established  that  impure  water  is  a  fruitful  cause 
of  disease,  and  a  great  body  of  evidence  to  this  effect  has  abeady  been 
1  f«?!7ri        T'!^'^'''  ^^^^y  iiicreasing ;  disease  being  occasioned, 

%  ,1  ^^}^^  tl^e  water  contains. 

r^rJ^L  }^^  ^""i  condition  of  these  matters  but  little  that  is 
precise  is  biown ;  the  most  hurtful,  there  is  reason  to  believe 
are  those  which  are  m  suspension,  and  especially  when  derived  from 

beThe  cmromtl'f  ^"f        ^?  '"^^  woiSd^pe^X 

be  the  case,  Irora  the  fact  that  many  of  the  waters  which  have  been 

Zm  and  to'^clTn'"  been  found  to  be  mte  or  S 

those  whtT«     f  ?j^e°t'^7  "^^tters.    At  the  same  time,  how- 
ever, those  which  are  held  m  solution  axe  probably  also  hurtful;  for 
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disease  ia  frequently  traced  to  tlie  use  of  waters  which  are  perfectly 
bright  and  clear,  and  which  contain  no  appreciable  sediment.  Again, 
some  of  the  fatty  acids,  mostly  in  the  combined  state,  deiived  from  the 
decomposition  of  organic  matter,  are  also  believed  to  exert  injurious 
effects,  as  formic,  acetic,  propionic,  butyric,  and  cajrroic  acids,  and  par- 
ticularly butyric,  and  in  a  less  degree  nitrous  and  nitric  acids.  These 
last  acids,  even  in  the  combined  state,  exei-t,  as  will  be  shown,  apowerful 
action  on  lead  and  other  metals  with  which  they  are  brought  into  con- 
tact, and  they  are  also  strongly  diuretic.  As  to  the  much-debated 
question  of  the  production  of  disease  by  specific  germs,  nothing  positive 
has  as  yet  been  established.  There  is  no  reason,  as  far  as  we  are  aware, 
to  believe  that  the  ordinary  living  productions  contained  in  some 
drinking  waters,  especially  those  derived  from  rivers,  are  themselves 
productive  of  disease,  excepting  only  the  ova  of  various  intesrinal 
worms  and  other  entozoa  which  are  thus  introduced  into  the  stomach 
and  intestines,  where  they  become  developed.  Such  productions  are 
rather  to  be  regarded  as  evidences  of  the  contamination  of  the  water 
in  which  they  are  present,  and  to  the  purification  of  which  they 
contribute  by  their  development  and  growth. 

According  to  some  authorities,  the  presence  of  a  certain  amount  of 
lime,  chiefly  in  the  form  of  carbonate,  in  drinlring  water,  is  necessary  to 
health,  it  furnishing  the  Imie  which  enters  into  the  composition  of  the 
osseous  system.  This  view  we  have  ah-eady  stated  we  believe  to  be 
entirely  erroneous ;  partiy  since  almost  all  the  articles  of  food  con- 
sumed, especially  vegetables,  meat,  milk,  &c.,  contain  that  base  m 
quantities  far  exceeding  the  amount  met  with  in  most  potable  waters. 
VSTiile,  therefore,  there  is  no  reason  to  beheve  that  lime  is  an  essential 
constituent  of  water,  on  the  other  hand  there  does  not  appear  to  be 
any  evidence  to  show  that  when  the  quantity  present  is  but  small  it 
exerts  any  injurious  efiects  •,  and  the  same  may  be  said  of  the  chloride 
of  sodium  usually  met  with  in  water.  The  chlorides  of  calcium  and 
mao'nesium,  and  the  sulphates  of  the  same  bases,  if  in  large  amount, 
would  doubtiess  tend  to  render  a  water  unwholesome  mmany  cases,  m 
consequence  of  the  aperient  and  other  properties  possessed  by  these 
salts.  Again,  iron  in  water,  in  any  but  the  smallest  amount,  would  be 
calciilated  to  produce  e\Til  results  with  many,  as  headache,  constipation,  &c. 

It  has  been  very  frequently  affirmed  that  the  use  of  hard  calcareous 
waters  is  productive  of  stone  ;  but  there  is  still  a  great  want  of  any  con- 
clusive evidence  establishing  tiiis  point.  It  is,  indeed,  weU  k-nown  that 
calculous  affections  are  especially  prevalent  in  many  disti-icts,  but  it  has 
not  been  proved  that  the  prevalence  is  due  to  the  character  of  the 

^^^ThrfoUowing  disorders  and  diseases  have  all  of  them  been  produced 
bv  impure  water— namely,  dyspqisia,  diarrhoea,  dysentery,  cholera, 
typhoid  fever,  scarlet  fever,  malarious  fevers,  and  ayue.  In  fact,  one  or 
other  of"  the  above  diseases  is  alwavs  more  or  less  prevalent  throughout 
the  country,  due  to  the  consumption  of  impure  and  contaminated 
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water.  Indeed,  a  whole  volume  migit  be  written  on  tliis  subject,  but 
to  enlarge  upon  it  would  extend  this  article  beyond  the  limits  at  oiu' 
disposal. 

_  Affections  of  the  stomach,  dyspepsia. — It  wiU  be  seen  that  the  effects 
of  impm-e  water  are  mainly  exerted,  as  might  have  been  expected,  upon 
the  mucous  membrane  of  the  stomach  and  intestines,  vrith  which  the 
water  is  brought  into  contact.  Partes  states  that  '  symptoms,  which 
may  be  refeiTed  to  the  conveuient  term  dyspepsia,  and  which  consist  in 
some  loss  of  appetite,  vague  imeasiness  or  actual  pain  at  the  epio-as- 
trium,  and  a  slight  nausea  and  constipation,  with  occasional  diarrhoea, 
ai-e  caused  by  water  containing  a  large  quantity  of  calciiun  chloride 
and  sulphate,  and  the  magnesian  salts.  Dr.  Sutherland  foimd  the 
hai-d  water  of  the  red  sandstone  rocks,  which  was  formerly  much  used 
in  Liverpool,  to  have  a  decided  effect  in  producing  constipation,  lessen- 
ing the  secretions,  and  causing  visceral  obstructions ;  and  in  Glaso-ow 
the  substitution  of  soft  for  hard  water  lessened,  accordino-  to  Dr.  Leech 
flie  prevalence  of  dyspeptic  complaints.'  .  .  .  'The  exact^'amount  which 
will  produce  these  symptoms  has  not  been  determined,  but  water  con- 
taining- more  than  eight  grains  of  these  substances,  individually  or 
collectively,  appears  to  be  iuj  lu-ious  to  many  persons. ' 

Z)jffr/-Ao3«.— Dian-hoea  may  be  produced  by  the  ii-ritation  of  mineral 
substances  mechanically  suspended  in  the  water,  as  clay  and  marl  as 
well  as  by  suspended  and  dissolved  oryanic  matters,  especially  those  of 
an  animal  natm-e,  as  sewaye  and  facal  matter.  '  In  cases  in  which  the 
water  is  largely  contaminated  with  suspended  sewage,  it  is  important 
to  observe  that  the  symptoms  are  often  markedlv  choleraic  (pm-oiuo- 
vomiting,  cramps,  and  even  some  loss  of  heat).'  The  drinking  of  water 
impregnated  with  sulphiu-etted  hydrgen  and  sewer  gases  will  likewise 
give  rise  to  diarrhoea. 

It  has  already  been  noticed  that  the  dissolved  mineral  matters 
sometimes,  even  when  contained  in  water  in  small  amount,  give  rise 
to  various  symptoms  of  dyspepsia,  but  they  are  also  sometimes  the 
cause  of  diarrhoea,  especially  those  waters  which  contain  any  con- 
siderable amounts  of  the  sulphates  of  lime,  may^iesia,  and  soda.  It  is 
stated  also  that  diarrhoea  is  caused  by  waters  containing  either  the  ni- 
trate or  the  butyrate  of  lime.  There  seems  to  be  a  dearth°of  information 
aa  to  the  special  effects  of  waters  which,  otherwise  piu-e,  contain  a  con- 
siderable amount  of  carbonate  of  lime.  It  is  further  weU  known  that 
bracknsh  water,  the  chief  constituent  of  which  is  chloride  of  sodium 
wiU  also  frequently  give  rise  to  diarrhoea.  ' 

Z)y«e«i!ery.— Another  disease  unquestionably  produced  by  impure 
water  is  dysenteiy,  and  there  are  many  outbreaks  of  that  complaint 
which  have  been  traced  to  the  use  of  highly  contaminated  waters.  It 
has  been  proved  that  when  the  evacuations  of  those  laboimno-  under 
dysentery  make  their  way  into  drinking  water,  it  is  rendered  capable 
0^  propagating  the  disease,  as  is  also  the  case  with  typhoid  fever  and 
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Oiolera.—  The  evidence  which  has  now  "been  accumulated  appears 
to  thoroughly  establish  the  fact  of  the  propagation  of  cholera  by 
means  of  drinking  water  containing  cholera-evacuations,  but  many  are 
of  opinion  that  the  consumption  of  impure  water  of  any  kind  pre- 
disposes to  the  disease,  either  bv  causing  diarrhoea  or  by  mtroducing 
into  the  alimentary  canal  '  organic  matter  which  may  be  throx^m  into 
special  chemical  changes  by  a  small  quantity  of  cholera  poison  which 
has  been  introduced  with  air  or  food  and  swaUowed.  CPar«es.)  ihe 
latter  supposition  seems  to  us  scarcely  probable,  since  it  the  cholera 
poison  had  already  found  its  way  into  the  intestines,  where  of  course 
It  would  increase  and  multiply,  nothing  more  would  appear  to  be 
required  for  the  full  effects  of  the  disease  to  be  produced. 

Typhoid  /"euer.— Another  of  the  diseases  now  ascertained  to  be 
communicable  by  impure  water,  as  weU  as  air,  is  tji)hoid  fever.  Dr. 
Parkes  di-aws  attention  to  the  fact  that  the  incubative  period  of  the 
disease  is  much  shorter  in  cases  of  typhoid  resulting  from  the  drinking 
of  specially  contaminated  water  than  when  the  disease  is  propagated 
thi-uu<-h  the  mediiun  of  the  air.  In  the  latter  case  from  8_to  14 
davs  may  elapse  before  the  early  malaise  comes  on,  while  in  the 
former  the  symptoms  sometimes  become  marked  in  two  or  three  days. 
It  has  not  yet  been  determined  as  to  whether  typhoid  fever  may  be 
nropao-ated  otherwise  than  through  the  medium  of  typhoid  evacuations 
introduced  into  the  system  either  through  water  or  an-.  mether 
or  not  a  special  putrefactive  change  going  on  m  these  evacuations 
can  be  communicated  to  other  organic  matter  out  of  the  body  is  not 

-Some  evidence  has  been  obtained  by  Dr.  Wallace  at 
Wood  Sutton,  which  goes  to  show  that  scarlet  fever  may  also  be  pro- 
pagated by  water,  but  we  are  left  in  doubt  as  to  whether  the  maten^ 
S- was  derived  from  the  f^cal  evacuations  or  from  the  skm  of  tOiose 

''^ta&^^Je.t'^^cl^in^  ...--Of  the  production  of  these 
fevers  by  impiu-e  water  there  would  appeal-  to  be  no  room  for  doubt 
but  the  evidence  seems  to  point  strongly  to  the  vegetable  rather  than 
to  the  animal  nature  of  the  immediate  cause,  the  waters  giymg  nse 
to  the  dlslse  coming  from  marshes.  Several  very  striking  instances 
have  been  recorded  of  the  prevalence  of  ague  in  localities  m  which  the 
dSikin'  water  was  obtained  from  mai-shy  distncts,  and  in  ^shich 
fhT  disease  immediately  disappeared  on  this  source  of  supply  being 
abandoned  and  water  being  obtamed  from  weUs. 

'One  very  important  circumstance  is  the  rapidity  of  development 
of  the  malarious  disease  and  its  fatality  when  introduced  in  vrater.  It 
f.  the  Tamrthin-  as  in  the  case  of  diarrhoea  and  dysentery.  Either 
tL  fever-maWng  cause  must  be  in  larger  quantity  in  the  water,  or,  what 
I  eaually^robable,  must  be  more  readUy  taken  up  mto  the  circiilation 
and  caiTied  to  the'spleen,  than  when  the  cause  enters  by  the  lungs.' 
(Parkes.) 
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Altliough  no  conclusive  evidence  has  as  yet  been  given  of  the  mode 
of  propagation  of  yelloio  fever,  yet  it  is  not  unlikely  that  this  disease, 
as  also  some  others,  and  possibly  amongst  the  number  en/sipelas,  may 
frequently  owe  theii-  difRision  to  impure  and  specially  contaminated 
water. 

Goitre. — Another  disease  of  a  totally  different  character,  un- 
doubtedly produced  by  impm-e  water,  is  goitre.  The  evidence  of  its 
beiug  so  occasioned  is  imusually  strong  and  comdncing,  and  this  cause, 
in  some  instances,  it  is  stated,  vpill  give  rise  to  the  production  and 
development  of  goitre  in  as  short  a  time  as  from  8  to  10  days,  while 
in  some  districts  in  France  and  Italy  goitre  may  be  produced  at  will 
by  the  drinking  of  certain  waters. 

Considerable  difference  of  opinion  exists  as  to  the  natm-e  of  the  con- 
stituents of  water  which  give  rise  to  goitre,  but  there  is  much  reason  to 
believe  that  the  lime  and  magnesian  salts  play  an  important  part, 
although,  in  some  instances,  the  latter  salts  are  aljsent.  Dr.  M'Clellan 
has  shown  that  no  less  than  33  per  cent,  of  the  population  in  the 
Kumaon  district,  who  use  water  fi-om  the  limestone  rocks,  suffer  from 
goitre  and  3-1  from  cretinism,  while  those  aflected  in  districts  in  which 
the  water  supply  is  derived  from  the  granite  and  gneiss  and  the  clay 
slate  amount  to  less  than  1  per  cent.,  there  being  no  cases  in  the  dis- 
ti'iets  supplied  with  water  from  the  mica  slate,  hornblende,  and  green 
sandstone.  M.  Saint-Lager,  however,  denies  that  there  is  any  con- 
nection between  the  hardness  of  water  and  goitre,  and  atti-ibiites  it 
either  to  ia-on  pyrites  (sidphide  of  iron)  or  to  some  otter  metallic 
sulphide,  and  he  accounts  for  Dr.  M'Clellan's  results  by  the  statement 
that  the  water  in  Kumaon  had  passed  through  certain  metalliferous 
strata. 

While,  therefore,  there  is  considerable  difference  of  opinion  as 
to  the  natm-e  of  the  constituents  of  water  which  give  rise  to  o-oitre 
it  would  appear  that  the  question  is  one  which  might  be  definitely 
'  determined  by  a  properly  conducted  chemical  investigation. 

Entozoa. — Lastly,  it  has  been  abundantly  established  that  several 
kinds  of  entozoa,  either  as  ova  or  embryos,  find  an  entrance  into 
the  body  through  the  drinldng-water  consiuned.  This  is  certainly 
the  case  with  Bothrio  cephalus  latus,  Ascm-is  lumhricoides,  and  most 
probably  also  the  Bochmius  duodenalis  and  Filana  dracunculus. 

Lend. — Another  contamination  or  impmity  of  water  is  with  that 
highly  poisonous  metal,  lead,  which,  in  some  cases,  becomes  dissolved 
to  such  an  extent  as  to  produce  symptoms  of  lead  poisoniruf. 
^  It  appears  from  evidence  on  record  tnat  as  little  as  ji-  grain  of  lead 
in  a  gallon  of  water  has  given  rise  to  lead  poisoning  and  paralysis.  In 
the  well-known  case  of  poisoning  which  occurred  in  the  family  of 
Loms  Philippe,  atClaremont,  the  amount  of  lead  found  was  -i-  srain  in 
a  gallon.  ^°  ® 

The  water  with  which  Edinburgh  is  supplied  contains,  according 
to  Parkes,  the  ^^ih  of  a  grain  per  gallon,  a  quantity  which  has  not 
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been  found  to  be  hurtful;  illnesa  has  also  resulted  from  the  con- 
sumption of  waters  containing  other  metals,  as  iron,  zinc,  copper  and 
arsenic, 

ACTIOir  OF  "WATEE  ON  lEAD  AND  ZINC. 

A  gi'eat  deal  has  been  said  and  written  on  the  important  subject  of 
the  action  of  water  on  the  leaden  pipes  through  which  it  is  conducted  to 
the  consumer,  and  on  the  cisterns  in  which  it  is  stored.  Although  the 
statements  made  are  somewhat  contradictory,  yet  the  actual  facts  may 
now  be  said  to  be  well  ascertained  and  established. 

For  many  years  it  was  universally  believed  that  soft  waters  acted 
most  on  lead  and  hard  least,  but,  as  will  be  presently  shown,  this 
statement  is  not  corroborated  by  further  and  more  exact  observa- 
tions and  experiments,  the  action  of  soft  waters  on  lead  being  due  not  to 
the  water  itself,  but  to  the  oxygen  and  other  substances  with  which  it 
is  more  or  less  impregnated. 

First.  The  gases  and  salts  which  most  attack  lead  are  oxygen, 
nitrous  and  nitiic  acids,  whether  free  or  combined  •,  all  the  chlorides  ; 
caustic  lime,  as  contained  in  mortar,  &c.,  soluble  compounds  being  formed 
with  all  these. 

Carbonic  acid  likewise  attacks  lead,  but  the  resulting  compound  is  in- 
soluble unless  in  the  presence  of  a  considerable  excess  of  carbonic  acid. 
Thus  a  film  or  coating  is  frequently  foimd  on  the  sm-face  of  lead  cisterns 
and  pipes,  consisting  usually  of  a  basic  carbonate  of  lead,  with  two 
molecules  of  carbonate  of  lead  and  one  molecule  of  hydrated  oxide. 
But  according  to  Mr.  Lauder  Lindsay,  this  coating  has  frequently  a 
more  complex  composition,  and  consists  of  the  carbonates,  phosphates, 
and  sulphates  of  lime  and  magnesia,  with  some  chloride  of  lead. 
This  film  or  cmst  is  liable  to  become  difiiised  through  the  water  when 
it  is  agitated,  and  in  this  way  it  may  be  introduced  into  the  system  ; 
but  it  is  said  that  the  coating  thus  formed  on  the  surface  of  lead  exerts 
a  protective  effect  by  retarding  or  preventing  the  action  of  the  other 
substances  on  the  metal. 

According  to  Medlock,  nitrite  of  ammmiia  exerts  the  greatest 

influence  on  lead,  the  nitrite  of  that  metal  being  formed.    The  nitrite 

of  ammonimn  being  a  volatile  salt,  is  found  in  most  distilled  waters 

obtained  from  an  impure  soiu-ce. 

The  salts  which  exert  the  least  action  on  lead  are  carbonate, 

sulphate,  and,  according  to  Franldand,  especially  phosphate  of  lime ; 

also  in  a  less  degree  the  corresponding  salts  of  magnesia  and  the 

alkaline  phosphates. 

Second.  Organic  substances  affect  lead  powei-fully,  and  the  organic 

acids  generally,  as  those  derived  from  fruit,  beer,  milk,  cider,  &c. 

Third.    Another  way  in  which  lead  becomes  dissolved  is  by  gal- 

vanic  action,  as  when  lead  comes  into  contact  with  iron,  zinc,  or  tin. 

Zinc  pipes  often  contain  considerable  quantities  of  lead,  and  hence, 
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■without  it  being  suspected,  water  has  frequently  been  found  to  contain 
that  metal. 

In,  the  same  way,  water  sometimes  becomes  contaminated  with  a 
variety  of  other  metals,  but  particularly  with  the  following — namely, 
iron,  zinc,  copper,  and  arsenic.  It  is  said  that  rain-water  collected  from 
a  zinc  roof  is  not  unfrequently  found  to  be  sufficiently  contaminated 
with  ziVic  to  prove  injurious. 


EFFECT  OP  GEOLOGICAL  EORMATION-  OX  TEE  COIEPOSITION  OP 

WATER. 

As  we  have  seen,  all  water  dissolves  during  its  descent  throuo-h 
the  sou  different  mineral  constituents.  It  is  evident  that,  accordino- 
to  the  geological  fonnation  through  which  the  water  passes,  its  dis- 
solved constituents  will  vary,  and  frequently  it  is  possible  to  say  what 
substances  and  salts  are  most  likely  to  be  found  in  a  water  derived 
from  a  certain  formation.  The  following  are  the  characters  of  the 
waters  obtained  fi-om  different  formations,  epitomised  fi-om  Dr, 
Parkes' '  Practical  Hygiene.' 

1.  Waters  from   granitic,  metamorphic,    trap   rock   and  clay 
slate. — The  total  solids  are  usually  very  low,  seldom  exceeding  6  oxaius 
per  gallon.     They  consist  of  carbonate  and  chloride  of  sodium 
with  little  lime  and  magnesia.    The  quantity  of  organic  matter  is 
very  small. 

2.  Millstone  gnt  and  hard  oolite  loateis. — These  waters  resemble 
the  preceding;  they  are  very  pm-e,and  contain  sulphate  and  carbonate 
of  hme,  and  magnesia  with  traces  of  iron,  the  solids  seldom  exceedino- 
8  grains  per  gallon.  ° 

3.  Soft  sand  rock  ?(;fl^m.— The  waters  derived  from  these  sources 
are,  as  a  rule,  impure,  and  usually  contain  much  chloride,  sulphate,  and 
carbonate  of  sodmm,  with  little  lime  and  magnesia.  The  total  solids 
range  fi-om  30  to  80  grains  per  gallon,  the  organic  matter  being  some- 
times as  much  as  8  grains  per  gaUon  and  even  more.  OccasionaUv 
these  waters  are  pure  and  soft. 

4:.  Loose  sand  and  gravel  ioaters.— The  composition  is  extremely 
variable,  the  total  solids  varying  as  much  as  fi-om  4  to  70  grains  per 
gaUon.  The  reaction  is  frequently  alkaline,  and  the  organic  matter 
somewhat  high.  The  Farnham  waters,  and  some  of  those  fi-om  the 
green  sand,  are  very  pure,  the  total  solids  not  exceeding  8  orains 

r„a+?:/f''''^iL'^f^''''°^^i°™?'*^y^^^y^^^g«  quantities  of  mineral 
matter,  from  100  to  over  200  grains  per  gallon! 

6.  Ouilk  waters  are  usually  pure,  containing  in  solution  from  7  to  20 
grains  of  carbonate  of  lime,  the  permanent  hardness  is  very  small,  as 
18  also  the  amount  of  orgamc  matters  present. 

7.  The  limestone  and  magnesian  limestone  waters  resemble  the 
latter  m  many  respects,  but  contain  more  magnesia  and  sulphate  of 

v  2 
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lime.  The  permanent  liardness  is  greater  than  in  the  preceding. 
Organic  matter  usually  in  small  amount. 

8.  The  selenitic  waters  are  rich  in  sulphate  of  lime,  and  conse- 
quently in  permanent  hardness,  which  renders  them  unwholesome 
waters,  liable  to  produce  dyspepsia  and  constipation,  alternating  with 
diarrhcBa. 

9.  Clmj  waters  are  chiefly  surface  waters  containing  but  few  dis- 
solved constituents,  but  much  suspended  matter. 

10.  Alluvial  waters. — The  amount  of  total  solids  is  variable,  from 
20  to  120  grains.  The  organic  matter  is  high  and  often  derived  from 
admixture  and  contamination  with  sewage ;  hence  these  waters  are  for 
the  most  part  impure. 

11.  Surface  and  subsoil  waters  of  course  vary  greatly  in  composi- 
tion, but  are  mostly  very  impure,  and  should  not  be  used  for  drinking 
purposes.  Butyric  acid,  in  union  with  lime,  is  in  some  cases  found  in 
these  waters. 

12.  Marsh  water  is  mostly  very  rich  in  vegetable  organic  matter, 
containing  from  12  to  even  50  graios  per  gallon,  and  is  often  of  a 
strongly  yellow  colour.  Suspended  organic  matter  is  also  common. 
It  is  highly  impure,  and  frequently  gives  rise  to  malarious  fevers. 

13.  Water  from  (p-aveyards. — These  waters  abound  in  nitrite  and 
nitrate  of  ammonia  and  lime,  with  sometimes  the  fatty  acids  and  much 


organic  matter. 


THE  ANALYSIS  OF  WATER. 


Collection  of  Samples. 

In  collecting  samples  of  water  for  analysis,  attention  is  most  par- 
ticularly requested  to  the  following  points. 

The  Taottles  must  be  stoppered.  Those  known  as  Winchester 
quarts  are  most  convenient,  and  can  be  obtained  of  any  chemist  and 
druggist. 

They  must  Tje  most  thoroughly  and  effectually  cleaned.  Shot  must 
not  l)e  used  for  this  purpose.  They  should  be  rinsed  with  the  water 
that  is  being  collected  at  least  three  times  before  being  filled,  and 
should  then  be  filled  nearly,  but  not  quite,  up  to  the  stopper. 

The  following  quantities  are  required : — For  a  friU  analysis  of  a 
water  supply— well-water  or  a  river- water,  two  Winchester  quarts  ;  for 
a  partial  analysis,  one  will  be  sufficient ;  for  sewage,  one  Winchester 
quart. 

In  collecting  from  a  water  supply,  the  sample  should  be  obtained, 
if  possible,  directly  from  the  main.  If  taken  from  the  house-service 
tap,  it  should  be  allovred  to  run  freely  for  one  or  two  minutes  before 
bottling. 

In  obtaining  samples  from  a  river,  the  bottles  should  be  plunged 
into  the  water  as  far  as  possible  from  the  bank  (great  care  being  used 
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not  to  disturb  the  mnd),  their  mouths  being  kept  well  below  the  sur- 
face imtil  they  are  filled. 

In  collecting  samples  of  the  water  of  rivers,  especially  those  into 
which  sewage  Hows,  it  must  be  remembered  that  the  quality  and  con- 
dition wiU  be  found  to  vaiy  according  to  the  state  of  the  tide,  and 
also  to  the  seasons  of  the  year.  These  differences  are  well  exemplified 
in  the  case  of  Thames  water,  the  amount  of  suspended  and  organic 
impm-ities  being  by  far  the  greatest  in  this  at  low  water,  and  also  in 
winter,  because  at  that  season  of  the  year  the  organic  matter  is  washed 
out  by  the  rains  and  floods  from  the  lands  bordering  on  the  river,  as 
well  as  for  the  further  reason,  that  during  the  winter  the  pmification 
effected  by  oxidation  and  by  the  gi-owth  of  aquatic  plants  is  far  less 
active  than  in  the  warm  weather  of  simimer. 

Seivage  should,  if  possible,  be  collected  thus :— A  common  pint 
potful  should  be  taken  as  often  as  possible  diuing  the  day,  and  poured 
mto  a  large  clean  jar ;  at  the  end  of  the  day  this  should  be  thorouo-hly 
weU  shaken,  and  the  sample  bottle  filled  from  it.  A  fair  daily  average 
of  the  sewage  is  thus  obtained. 

In  cases  requiring  extreme  accuracy  the  daily  flow  of  the  sewao-e 
should  be  gauged,  and  arrangements  made  for  seeming  continuous 
daily  samples. 

Microscopical  examination  of  water.  — The.  same  quantities  of 
water  will  serve  for  the  microscopical  examination  as  well  as  the 
chemical  analysis ;  both  the  clear  water  and  anv  sediment  which  may 
be  found  in_  it  after  it  has  stood  at  rest  for  some  hours,  should  be 
examined  with  the  microscope  in  the  usual  manner  on  slips  of  o-lass 
with  thm  glass  covers  over  the  preparation.  For  the  clear  water' 
cells  may  be  used  m  order  to  obtain  a  greater  depth.  The  sedi- 
nient  may  be  best  obtained  from  the  bottom  of  the  bottle  by  means 
ol  a  pipette,  one  or  two  drops  only  being  then  removed  for  examina- 
tion. 

Frequently,  the  physical  characters  of  a  water  and  simple  qualita- 
tive tests  are  sufficient  to  enable  one  to  judge  of  its  quality. 

I.  Physical  characters  and  appearance.— colour  and  clearness 
ot  a  water  are  first  ascertained  by  observing  it  in  a  layer  2  or  3  feet 
in  thiclniess,  by  filling  a  wide  glass  tube,  closed  at  one  end,  with 
the  water  to  be  examined,  and  by  looking  in  the  direction  of  the 
axis  through  the  stratmn  of  water.  In  this  way  even  the  minutest 
tinge  or  colorisation  will  be  readily  seen,  and  the  slightest  turbidity  wiU 
be  perceptible  Pure  waters  are  nearly  always  perfectly  clear  and 
be  rlnf'  T  ?ODtaminated  waters,  especially  if  the  contamination 
De  recent,  show  frequently  a  strongly  yellowish  colour.  For  com- 
Crrrir°\*^^^%""^  ^  finedl^ydistiHed  water,  or  a  wate°^f 
Sof  SkingV^pt^^^^^^  "^"^^  ^"^P^^d^-i  ™% 

The  smell  of  the  water  may  either  be  observed  after  violently 
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slialiiiig  a  pint  or  more  of  the  water  in  a  flask  to  liberate  the  dissolved 
gases,  or  after  gently  heating  the  sample.  Good  waters  never  emit 
any  smell,  whilst  samples  exhibiting  any  foul  odour  are  to  be  rejected 
as  unfit  for  use. 

Next,  Utste  some  of  the  water,  if  possible  freshly  drawn  from  the 
well.  Large  quantities  of  dissolved  mineral  constituents,  especially 
chloride  of  sodiimi  or  common  salt  and  iron,  are  readily  detected.  But  it 
must  be  borne  inmind  thatnot  unfrequently  highly  impure  waters  appear 
to  possess  a  most  agreeable  and  refreshing  taste,  whilst,  as  well  known, 
pure  distilled  water  is  unpalatable  for  drinking  on  account  of  its  flat- 
ness. It  is  chiefly  the  carbonic  acid  and  oxygen  which  render  a  water 
refreshing,  as  is  shown  by  the  fact  that  distilled  water  exposed  for 
some  time  to  the  air  loses  most  of  its  flatness  and  insipidity. 

Lastly,  if  the  residue  left  on  the  evaporation  of  a  water  turns  hrown 
or  hlack  on  being  heated,  evidence  is  afi"orded  of  the  presence  of  an 
excess  of  organic  matter. 

II.  Qualitative  chetnical  tests— The  reaction  of  the  water  may  first  be 
ascertained  by  means  of  litmus  or  turmeric  paper.  But,  owing  to  the 
presence  of  free  carbonic  acid,  drinking  waters  are  mostly  either  neutral 
or  slightly  acid.  After  the  removal  of  the  carbonic  acid,  however,  by 
heating  the  water,  the  true  reaction  will  manifest  itself.  If,  on  the  addi- 
tion of  a  few  di-ops  of  an  animoniacal  solution  of  oxalate  of  ammonia, 
a  white  turbiditv  make  its  appearance,  the  presence  of  lime  is  proved. 
Although  lime  is  rarely  absent  fi-om  any  di-inking  water,  the  quantity 
present  should  be  very  small ;  and  if  therefore  a  sti-ong  white  precipitate 
be  thrown  down  by  the  above  re-agent,  the  water  must  be  pronounced  to 
contain  more  lime  in  solution  than  is  desirable,  especially  for  washing 
purposes,  for  soap  is  decomposed  by  salts  of  lime  and  magnesia, 
insoluble  stearate  and  oleate  of  lime  and  magnesia  being  the  results, 
and  thus  large  quantities  of  soap  ai-e  actually  lost,  as  has  been  more 
fully  shown  elsewhere.  ,  j  j.  i 

Another  small  quantity  of  the  water  is  to  be  boiled  for  halt  an 
hour  in  a  glass  flask.  If  it  become  tm-bid,  the  presence  of  carbonate  of 
lime  or  mao-nesia  is  shown,  which  was  held  in  solution  by  the  cai-bonic 
acid  removed  by  boiling.  This  is  in  so  far-  in  favoiir  ot  the  water  as 
regards  washing  purposes,  as  by  simply  boiling  it  a  part  ot  the 
hardness  may  be  removed,  which  purpose  may  also  be  eflected  by 

Clarke's  softening  process.  ^  ■  ■     s-  -a 

If  on  the  addition  of  a  drop  of  a  solution  contammg  ferrocyamde 
and  fen-icyanide  of  potassium  and  piu:e  hydrochlonc  acid,  a  blue 
coloration  or  precipitate  ensues,  the  presence  of  iron  is  proved. 
Traces  of  ii-on  are  found  in  most  waters,  but  larger  quantities  are 

''^^  NeSSs^'reao-ent  is  added  to  another  portion  of  the  sample  con- 
tained in  a  glass'cylinder  or  test-tube.  A  brownish-yellow  coloration 
or  precipitation  indicates  the  presence  in  the  water  of  ammonm ;  if 
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the  water  become  decidedly  colom-ed,  it  is  to  be  regarded  as  unfit  for 
drinking,  or  at  least  in  a  very  suspicious  condition. 

Another  test  frequently  employed  with  a  view  to  determine  the 
quality  of  a  water  is  the  permanganate  test ;  but  this,  as  we  shall  now 
see,  is  veiy  unreliable. 

On  the  danger  of  reliance  on  the  permanc/anate  test. — This  test,  as 
is  well  known,  acts  by  oxidation ;  that  is,  the  permanganic  acid,  rich 
in  oxygen,  gives  up  its  oxygen  to  many  substances,  such  as  the 
albuminoid  organic  matter  present,  in  very  variable  quantities,  in 
nearly  all  waters  ;  to  nitrous  acid,  also  commonly  contained  in  water, 
and  even  to  protoxide  of  iron,  not  unfi-equently  present  in  drinking 
water  in  small  amount  and  in  the  combined  state.  Nitric  acid,  like- 
wise constantly  found  in  impm-e  waters  in  laige  amount,  being  an  acid 
in  the  highest  degree  of  oxidation  of  which  it  is  susceptible,  is  imaflPected 
by  the  permanganate,  so  that  this  test  gives  no  indication  of  the  pre- 
sence _  of  that  acid  ;  besides  which,  there  is  no  possibility,  by  means 
of  this  test,  of  distinguishing  between  the  hurtful  and  dangerous 
organic  matter  and  the  comparatively  harmless  nitrous  acid  or  iron ;  in 
fact,  the  rule  in  using  this  test  is  to  calculate  all  the  oxygen  abstracted 
from  the  permanganate  into  albuminoid  matter. 

Now  let  us  see  more  precisely  in  what  way  this  test  fatally  misleads 
in  many  cases. 

A  water  analysed  in  the  author's  laboratory  furnished  the  subjoined 
results  per  70,000  grains  : — 


Total  solids. 

Nitrogen,  as 

nitrates 
and  nitrites. 

Equal 
to  nitric  acid. 

Organic 
nitrogen  from 
albuminoid 
ammonia. 

Equal  to 
albumiuoid 
organic 
matter. 

Oxygen 
required  by 
organic  matter, 
nitrites,  &c. 

120-8 

2-30 

8-87 

0-011 

0-14 

0-52 

Now,  it  will  be  observed  that  the  albuminoid  organic  matter  the 

really  important  element  in  potable  waters— is,  in  this  case,  very  small, 
and  yet  a  very  large  quantity  of  the  permanganate  was  destroyed  by 
the  nitrous  acid,  which  was  present  in  large  quantity ;  therefore  had 
only  this  test  been  relied  upon,  and  had  the  oxygen  been  multiplied  by 
8,  as  the  rule  is,  it  would  have  given  4-16  gi-ains  of  albuminoid  organic 
matter  m  place  of  only  0-14  per  gallon,  and  thus  the  water  would  be 
made  out  to  be  much  worse,  and  ia  a  more  dangerous  state,  than  was 
really  the  case. 

The  following  instance  is  stiU  more  instructive.  The  water  was 
sent,  accompamed  by  the  intimation  that  the  party  sending  it  believed 
It  was  a  good  water,  as  it  had  no  action  on  the  permanganate  test ;  but 
that,  since  a  medical  gentleman  in  the  town  had  declared  it  to  be  bad, 
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it  was  deemed  advisable  to  liave  a  second  opinion.  On  analysis,  the 
results  obtained  were  as  follow : — 


Total  solids. 

Nitrogen,  as 

nitrates 
and  nitrites. 

Equal 
to  nitric  acid. 

Organic 
nitrogen  from 
albuminoid 
ammonia. 

Equal  to 
albuminoid 
organic 
matter. 

Oxygen 
required  by 
organic 
matter. 

58-10 

318 

11-55 

0-006 

0-07 

None. 

The  parties,  therefore,  who  sent  the  water  were  quite  correct  in 
stating-  that  it  had  no,  or  only  a  very  trifling,  action  on  the  per- 
manganate ;  b-jt  the  inference  that  it  was  a  good  and  safe  water  to 
use  was  fallacious  and  dangerous,  for  this  water  contained  over  11^ 
grains  of  nitric  acid ;  thus  showing  that  it  was  subject  to  extensive 
pollution,  though  at  the  time  of  the  examination  nearly  aU  the  nitrogen 
was  converted  into  nitric  acid.  But  this  process  might  not,  from 
various  circumstances,  be  always  thus  perfectly  performed,  and  then 
the  water  might  become  deleterious  and  productive  of  disease.  Here, 
then,  we  have  a  strildng  illustration  of  probable  danger  in  the  use  of 
this  test;  and,  since  any  mistake  of  this  kind  might  involve  health, 
and  even  life,  it  is  manii'estly  wrong  to  place  any  reliance  on  this  single 
test,  uncontrolled  by  other  results. 

A  third  case,  in  which  reliance  on  this  test  would  have  seriously 
misled,  is  the  following.  This  water,  on  analysis,  gave  the  subjoined 
residts : —  


Total  solids. 

Nitrogen,  as 

nitrates 
and  nitrites. 

Equal 
to  nitric  acid. 

Organic 
nitrogen  from 
albuminoid 
ammonia. 

Equal  to 
albuminoid 
matter. 

Oxygen 
required  by 
organic 
matter. 

121-10 

5-27 

20-32 

0-024 

0-30 

0-061 

In  this  sample  the  mineral  constituents  amounted  to  no  less  than 
121  grains,  and  the  nitric  acid  to  over  20  grains  per  gaUon :  and  yet 
onlv  a  very  minute  quantity  of  the  permanganate  solution  was  de- 
colorised.                                                            .  ,    1    J.  11 

Lastly,  a  fourth  water  on  analysis  was  found  to  furnish  the  follow- 
ing results : — 

Total  solids. 

Nitrogen,  as 

nitrates 
and  nitrites. 

Oi^anio 
nitrogen  from 
albuminoid 
ammonia. 

Equal  to 
albiuninoid 
matter. 

Protoxide  of 
iron. 

Oxygen 
required  by 
organic  matter 
and  oxide  of 
iron. 

23-00 

None. 

0-01 

0-12 

0-39 

0-095 
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In  this  case  the  quantity  of  albuminoid  matter  was  small,  yet 
a  relatively  very  large  quantity  of  the  solution  was  decolorised, 
owing  to  the  presence  of  the  protosalt  of  iron.  This  water,  really 
very  pure,  would,  therefore,  have  been  condemned  by  any  person  not 
experienced  in  such  matters,  using  this  test. 

III.  Quantitative  analysis. — The  quality  of  a  water  for  either 
di'inking,  coolring,  or  washing  purposes,  depends  chiefly  upon  two 
classes  of  constituents — organic  matter  of  vegetable  and  animal 
origin,  non-nitror/mous,  nitroffenous  and  mineral  matter.  But  even 
highly  impure  water  contains  only  a  few  hundredths  per  cent,  of  solid 
matter  in  solution,  so  that  the  quantities  the  chemist  has  to  deal  with 
are  iisually  extremely  minute,  especially  as  regards  organic  matter. 
Many  methods  have  been  proposed  for  the  estimation  of  this  latter, 
but  even  at  the  present  time  the  problem  cannot  be  considered  to  be 
perfectly  solved,  although  much  has  been  achieved  in  that  direction 
and  many  valuable  results  have  been  obtained. 

The  organic  nitrogenous  matter  changes  imder  the  influence  of  the 
oxygen  of  the  air  into  nitric  acid.  We  have,  therefore,  not  only  to  direct 
our  attention  to  the  estimation  of  the  organic  matter  present  in  the  water, 
but  also  to  that  part,  which  has  been  oxidised,  to  the  nitric  acid,  which 
gives  therefore  the  indication  of  what  has  been  called  '  previous  sewage 
contamination.'  But  nitric  acid  in  water  may  be  derived  from  another 
and  totally  difierent  som'ce — from  the  atmosphere.  Wherever  evapo- 
ration is  going  on,  on  a  large  or  small  scale,  nitrite  and  nitrate  of 
ammonia  is  formed,  which  salts  are,  therefore,  always  contained  in  the 
atmosphere,  fi'om  which  they  are  washed  out  by  rain  in  its  descent  to 
the  earth.  Eain-water,  therefore,  contains  uiti'ic  acid  and  ammonia,  as 
has  been  before  shown;  these  substances,  however,  not  amounting, 
according  to  Frankland,  to  more  than  0-024  nitrogen  for  the  nitric  acid 
and  O'OOS  for  the  ammonia,  equal  to  0-032  in  100,000  parts  of  water. 
This  quantity  of  nitrogen,  when  found,  in  a  di-inking  water,  might 
therefore  be  derived  from  the  atmosphere,  but  any  larger  amount 
must  be  due  to  contamination  with  animal  matter. 

Estimation  of  the  organic  matter. — Two  processes  are  at  present 
employed  in  this  country  for  estimating  the  organic  matter  in  water : 
the  one,  devised  by  Mr.  Wanklyn,  founded  upon  the  fact  that  these 
substances  give  up  their  nitrogen  in  the  form  of  ammonia  by  the  action 
of  a  boiling  alkaline  solution  of  permanganate  of  potash ;  the  other 
attempts  a  direct  estimation  of  the  nitrogen  and  carbon  by  heating 
the  residue  obtained  by  evaporation  of  the  water  with  oxide  of  copper, 
and  collecting  and  measming  the  gases  produced — chiefly  nitrogen 
and  carbonic  acid— this  latter  method  was  devised  by  Professor 
Frankland.  Besides  these  two  methods  several  others  exist,  but  as 
they  are  very  imperfect  and  superseded  by  the  two  just  pointed  out, 
we  think  it  unnecessary  to  describe  them. 
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AMMONIA  METHOD  OP  WATER  ANALYSIS. 

Requirements  of  the  method.  1.  Nessler's  Reagent. — '  Dissolve 
35  grammes  of  iodide  of  potassium  in  a  small  quantity  of  distilled 
water,  and  add  to  it  a  strong  aqueous  solution  of  bichloride  of  mercury 
(corrosive  sublimate),  wliicb  will  cause  a  red  precipitate  that  disappears 
on  shaking  up  the  mixtiu-e.  Add  the  solution  of  Bichloride  of  mercury 
carefully,  shaking  up  as  that  liquid  is  added,  so  as  to  dissolve  the  pre- 
cipitate as  fast  as  it  is  formed.  After  continuing  the  addition  of  bi- 
chloride of  mercury  for  some  time,  a  point  will  ultimately  be  reached 
at  which  the  precipitate  will  cease  to  dissolve.  When  the  precipitate 
begins  to  be  insoluble  in  the  liquid,  stop  the  addition  of  bichloride  of 
mercury.  Filter.  Add  to  the  filtrate  120  grammes  of  caustic  soda  in 
strong  aqueous  solution  (or  about  160  grammes  of  potash). 

'  After  adding  the  solution  of  alkali  as  just  described,  dilute  the 
liquid  so  as  to  make  its  volume  equal  to  one  litre.  Add  to  it  6  cc.  of 
a  saturated  aqueous  solution  of  bichloride  of  merciuy.  Allow  to  sub- 
side, and  decant  the  clear  liquid,  which  is  the  Nessler  Reageut.' 

We  have  given  the  preparation  of  this  liquid  in  Wanklyn's  own 
words,  since  it  is  the  basis  of  the  whole  method.  The  reagent  improves 
by  age,  so  that  it  is  advisable  to  make  a  large  quantitv',  say  one  litre, 
at  once.  On  exposure  to  the  air  it  becomes  turbid ;  it  should  be  kept, 
therefore,  in  a  well-stoppered  bottle.  With  ammonia,  or  salts  of 
ammonia,  this  liquid  forms  a  brown  precipitate,_or,  if  only  very  little 
ammonia  be  present,  a  yellowish-brown  coloration.  The  delicacy  of 
this  reaction  is  extreme,  since  it  is  not  difficult  to  recognise  ^  of  a 
milligramme  of  ammonia  in  100  cc.  of  water,  or  equal  to  2-5  parts  in 
10,000,000.  The  depth  of  colour  varies  with  the  quantity  of  ammonia 
present. 

2.  A  standard  solution  of  ammonia. — This  is  made  by  dissohmg 
0-3882  grammes  of  sulphate,  or  0-315  grammes  of  pure  chloride  of 
ammonium,  in  one  litre  of  perfectly  pure  distilled  water :  1  cc.  of  this 
solution  contains  milligramme  of  NHg.  A  second  ten  times  weaker 
solution  is  prepared  by  diluting  100  cc.  of  this  liquid  with  900  cc.  of 
pure  distilled  water,  1  cc.  of  this  solution  containing,  therefore,  ^  milli- 
gramme of  NH3. 

3.  Pure  distilled  water,  or  water  free  from  ammonia,  is  prepared  by 
distilling  water  as  rapidly  as  possible.  The  first  quantity  which  passes 
over  contains  ammonia,  the  amount  of  which,  however,  decreases  as 
the  distillation  progresses,  and  after  a  short  time  the  water,  tested 
with  Nessler's  Reagent  in  a  test-tube  or  glass  cylinder,  wiU  be  found 
to  be  perfectly  free  from  ammonia. 

4.  A  saturated  solution  of  carbonate  of  soda  is  prepared  m  the  follow- 
ino-  way :— Anhydrous  carbonate  of  soda,  or  bicarbonate  of  soda  (which 
is  easier  to  obtain  in  a  dry  state),  is  heated  in  a  platinum  basin  to  a 
red  heat  for  about  twenty  minutes,  and  then  dissolved  while  still  hot 
in  pure  distilled  water. 
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5.  An  alkaline  solution  of  'permanganate  of  potash. — Dissolve  200 
grammes  of  caustic  potash  and  8  grammes  of  crystallized  permanganate 
of  potasli  in  one  litre  of  water,  and  boil  the  solution  for  at  least  one 
hour,  to  expel  any  ammonia. 

It  is  not  possible  to  bestow  too  much  care  upon  the  preparation  of 
these  liquids,  and  upon  the  cleaning  of  the  vessels  used.  As  we  have 
said,  the  Nessler's  Reagent  is  extremely  delicate ;  each  trace  of 
ammonia  gives  a  yellow  coloration  with  it — in  fact,  it  is  the  most 
sensitive  of  all  reagents  known.  The  utmost  cleanliness  is  to  be 
observed ;  bottles  containing  ammonia  should  not  be  opened  before 
or  diu-ing  the  operation,  and  the  apparatus  used  should  be  protected 
from  dust  dming  distillation. 

A  retort  capable  of  holding  1,500  cc.  when  in  position  for  distilla- 
tion, with  well-fitting  glass  stopper,  is  connected  with  a  Liebig's  con- 
denser by  a  piece  of  indiarubber  tubing  ;  about  500  cc.  of  pure  distilled 
water  are  then  inti-oduced,  and  heated  to  boiling  by  a  gas  or  spirit 
lamp.  The  steam  which  is  produced  cleans  the  apparatus  much  more 
effectually  than  could  be  done  by  any  other  means.  The  condenser  is 
kept  empty  at  first,  till  the  steam  has  heated  it  thoroiighly,  and 
then  filled  with  cold  water.  The  condensed  water  is  tested  for 
ammonia,  and  the  distillation  continued  till  no  further  ti'ace  of  that 
substance  can  be  discovered.  15  cc.  of  the  satiu'ated  solution  of 
carbonate  of  soda  are  then  introduced  and  boiled  with  the  water. 
The  distillate  is  to  be  tested  again.  It  should  be  free  from  ammonia, 
thus  proving  that  the  solution  of  carbonate  of  soda  is  pm-e.  If  not,  this 
solution  is  to  be  boiled  for  an  horn-.  If  then  found  pure,  50  cc.  of  the 
solution  of  permanganate  of  potash  are  measured  into  the  retort,  and 
tested  for  ammonia  in  the  same  way.  All  reagents  must  be  free  from 
even  a  trace  of  that  siibstance. 

If  all  be  in  right,  condition,  the  estimation  of  ammonia  in  the  water 
to  be  analysed  may  be  proceeded  with. 

Estimation  of  free  ammonia. — 500  cc.  of  the  water  are  measured 
into  the  carefully-cleaned  retort ;  15  cc.  of  the  carbonate  of  soda  solu- 
tion are  then  added,  and  the  mixture,  which  commonly  tiu-ns  turbid, 
caused  by  the  precipitation  of  the  salts  of  lime  and  magnesia  contained 
in  the  water,  distilled  till  the  last  50  cc.  of  the  distillate  contain  no 
more  ammonia— i.e.,  till  Nessler's  Reagent  fails  to  produce  the  slightest 
yellowish  tinge  with  the  distillate.  It  is  commonly  sufficient  to  distil 
from  150  to  200  cc— in  most  cases  less  will  be  enough ;  and  it  is  only 
in  very  bad  water  that  the  distillate  contains,  even  after  that,  more 
ammonia. 

The  distillate  is  to  be  transferred  to  cylinders  holding  about 
110  CO.,  graduated  at  100  cc.  ;  100  cc.  of  the  distillate,  which 
now  contains  all  free  ammonia,  are  used,  and  1^  or  2  cc. 
of  Nessler's  Reagent  added  to  it.  The  colour  is  to  be  observed,  and 
from  a  burette  so  much  of  the  standard  solution  of  ammonia  which 
contams  in  1  cc.  ^  milligramme,  is  to  be  filled  into  another  similar 
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cylinder  as  may  be  thought  necessary  to  produce  the  same  depth  of 
coloration  with  Nessler's  Reagent  if  diluted  with  distilled  water  to 
100  cc.  Both  liquids  are  allowed  to  stand  for  at  least  ten  minutes, 
and  then  the  colour  is  observed.  If  the  coloration  of  both  liquids  be 
equal,  both  contain  the  same  amount  of  ammonia.  The  quantity  of 
the  volatile  alkali  contained  in  the  one  cylinder  is  known,  since  a 
measiu'ed  quantity  of  standard  ammonia  solution  has  been  introduced. 
The  amount  of  ammonia  contained  in  100  cc.  of  the  distillate  must  be 
equal  to  this  added  amount.  If,  on  the  other  hand,  the  coloration  of 
the  two  liquids  be  difl'erent,  a  third  cylinder  is  to  be  filled  with  the 
pure  distilled  water,  a  smaller  or  larger  amount  of  standard  solution 
than  at  the  fii'st  experiment  being  added,  and  1^  cc.  of  Nessler  test, 
and  after  another  ten  minutes  the  colour  is  again  observed.  With  a 
little  practice  it  is  easy  to  judge  with  considerable  accuracy  how  much 
of  the  standard  solution  is  to  be  used.  An  example  wiU  illustrate  this 
description. 

500  cc.  of  water  have  been  subjected  to  distillation.  200  cc.  of  dis- 
tillate contained  all  the  free  anunonia.  100  cc.  of  this  distillate  were 
filled  into  the  cylinder,  and  1  ^  cc.  Nessler  test  added.  3-5  cc.  of  standard 
ammonia  solution  dropped  into  a  second  cylinder,  diluted  with  100  cc. 
of  pure  water,  gave  with  Nessler  test  too  light  a  coloration.  It  is  not 
advisable  to  add  more  of  the  standard  solution  to  the  liquid,  since  it 
always  turns  tm-bid  if  the  Nessler  test  be  added  before  the  ammonia. 
Into  a  third  cylinder  3-8  cc.  were  fUled  and  tested  as  before ;  colora- 
tions equal.  100  cc.  of  the  distillate  contain,  therefore,  so  much  of  free 
ammonia  as  are  contained  in  3-8  cc.  of  standard  solution — namely, 
0-000038  grammes.  The  total  distillate  (200  cc.)  contains,  therefore, 
0-000076  NHj,  or,  what  is  the  same,  500  cc.  of  the  original  water  con- 
tained 0-000076  of  ammonia.  100,000  parts  of  water  contain,  there- 
fore, 0-0152  parts  of  free  ammonia. 

Estimation  of  albuminoid  matter. — The  residue  in  the  retort,  from 
whicli  all  free  ammonia  has  been  expelled,  contains  unaltered  the  albu- 
minous organic  matter.  60  cc.  of  the  alkaline  solution  of  permanganate 
are  added  to  it,  and  the  mixtm-e  distilled  as  before.  The  nitrogen  of 
the  organic  matter  is  liberated  during  the  distillation  as  ammonia, 
passes  through  the  condenser,  and  is  collected  and  estimated  exactly  as 
the  'free  amxnouia.'  Much  has  been  said  for  and  ag-ainst  this  pro- 
cess. Wanklyn  himself  admits  that  the  ^ohole  of  the  nitrogen  is  not 
obtained  by  this  method.  We  shall  consider  below  the  merits  and  the 
defects  of  the  process. 

In  the  case  of  bad  waters  the  inner  sm-face  of  the  retort  is  covered 
with  a  thin  film  of  dioxide  of  manganese,  which  causes  the  liquid^  to 
boil  very  irregularly,  to  bump  with  great  force,  and  rise  even  so  high 
as  to  colour  the  distillate  red,  which  is  then  to  be  pom-ed  back  into 
the  retort.  A  few  pieces  of  tobacco-pipe,  heated  previously  to  destroy 
any  oro-anic  matter  and  remove  any  ammonia  which  might  be  present, 
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put  into  tlie  retort,  prevent  by  tlieir  constant  movement  the  formation 
of  this  film,  and  consequently  the  rising  of  the  liquid. 

JEstimation  of  nitrogen  as  nitrates  and  nitrites.  —  A  great  many 
methods  for  the  estimation  of  nitrates  have  been  proposed.  Those 
generally  employed  in  this  country  are,  however,  only  two — Schulze's, 
as  modified  by  Chapman,  and  "Crimi's,  as  modified  by  Frankland. 
We  shall  consider  this  latter  one  under  '  Frankland's  Method  of  Water 
Analysis.'  Chapman  describes  his  process  as  follows: — '100  cc.  of 
the  water  are  introduced  into  a  nou-tubulated  retort,  and  50  to  70  cc. 
of  a  solution  of  caustic  soda  added.  The  caustic  soda  must  be  free 
from  nitrates,  and  the  sti-ength  of  the  solution  should  be  such  that  1 
litre  contains  100  grammes  of  caustic  soda.  The  contents  of  the 
retort  are  to  be  distilled  imtil  they  do  not  exceed  100  cc,  and  until 
no  more  ammonia  comes  over ;  that  is,  until  Nessler's  test  is  incapable 
of  detecting  ammonia  in  the  distillate.  The  retort  is  now  cooled,  and 
a  piece  of  aluminiimi  inti-oduced  into  it  (foil  will  answer  very  well 
with  dilute  solutions,  but  we  much  prefer  thin  sheet  alimiinium  in  all 
cases).  The  neck  of  the  retort  is  now  inclined  a  little  upwards,  and  its 
mouth  closed  with  a  cork,  through  which  passes  the  narrow  end  of  a 
smaU  tube  filled  with  broken-up  tobacco-pipe,  wet  either  with  water 
or  better,  with  very  dilute  hydrochloric  acid  free  from  ammonia.  This 
tube  need  not  be  more  than  an  inch  and  a  half  long,  nor  lono  er  than  a 
goose  quill.  It  is  connected  with  a  second  tube  containing  pumice 
stone  moistened  with  strong  sulphuric  acid.  This  last  tube°serves  to 
prevent  any  ammonia  from  the  air  entering  the  apparatus,  which  is 
allowed  to  stand  in  this  way  for  a  few  hours  or  over-night.  The  con- 
tents of  the  pipe-clay  tube  are  now  washed  into  the  retort,  with  a  little 
distiUed  water  free  from  ammonia  (about  70  to  80  cc). 

_We  have  now  a  strongly  alkaline  liquid,  which  contains  all  nitrogen 
derived  from  the  nitrates  and  nitrites  in  the  form  of  ammonia.  It  is 
distilled,  and  in  the  distillate  the  ammonia  estimated  as  '  free  ammonia  ' 
It  is  advisable  to  fill  into  the  receiver  about  150  to  200  cc.  of  pure 
distilled  water,  and  to  let  the  tube  of  the  Liebig  condenser  dip  under 
the  surface  of  the  water,  so  as  to  avoid  any  loss  of  ammonia. 

Seventeen  parts  of  ammonia  are  equal  to  63  parts  of  niti-ic  acid 
(HNO3). 

Franliland's  Method  of  Water  Analysis. 

As  already  mentioned,  this  method  is  based  upon  the  principle 
that  when  the  residue  on  evapomtion  of  the  water  is  burned  with 
oxide  of  copper,  nitrogen  and  carbonic  acid  are  eliminated  from  the 
organic  matter,  and  are  then  collected  and  measm-ed. 

One  litre  of  the  water  is  to  be  taken  and  boiled  for  two  minutes  in 
a  ^lass  flask  after  30  cc.  of  a  concenti-ated  solution  of  pm-e  sulphurous 
acid  have  been  added.  The  addition  of  sulphurous  acid  serves  a  two- 
lold  purpose— for  decomposing  the  carbonates  naturally  contained  in 
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nearly  every  water,  and  for  eliminating  the  nitrogen  of  the  nitric  acid 
of  the  water  as  nitric  oxide.    If  this  precaution  were  not  taken,  the 

Fig.  15. 


Spresgkl'8  Mercury  Aib-Pump. 
combttstion  tube  ;  B,  tube  for  collecting  the  gases  produced  by  combustion. 
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carbonic  acid  of  the  carbonates  would  be  found  with  the  organic 
carbon  and  the  niti'Ogen  of  the  nitric  acid  with  the  nitrogen  of  the 
organic  matter.  ' 

The  water  is  then  evaporated  with  the  addition  of  about  0-2 
gramme  of  sulphate  of  soda,  and  a  few  drops  of  fen-ic  chloride ;  the 
former  for  neutralising  any  sulphmic  acid  formed  dming  evapo- 
ration by  oxidation  of  the  sulphurous  acid,  the  latter  for  insurino-  the 
conipletest  possible  decomposition  of  the  nitric  acid.  Half-spheric  glass 
basins,  capable  of  holding  about  100  cc,  are  employed  for  the  evapo- 
ration of  the  water  on  a  water  or  steam  bath.  Glass  shades,  such  as 
are  used  for  covering  ornaments,  are  placed  over  the  basins,  so  as 
to  prevent  any  ammonia  or  atmospheric  dust  from  contaminating  the 
sample.  The  evaporation  is  rather  slow.  The  perfectly  dry  residue 
is  now  mixed  with  oxide  of  copper  by  means  of  a  flexible  steel 
spatula,  and  filled  into  a  strong  combustion  tube,  fused  round 
on  one  end.  The  oxide  of  copper  must  be  prepared  by  heatino- 
metallic  popper  in  the  air,  and  not  by  oxidising  it  by  means  of 
nitiic  acid,  and  then  heating  it  to  redness,  as  the  oxide  of 
copper  used  for  organic  analysis  is  usually  prepared, 
since  in  the  latter  case  it  is  impossible  even  by  repeated  Kg.  le. 
heating  to  get  rid  of  all  nitric  acid.  The  combustion 
tube  is  nearly  filled  with  the  oxide,  and  a  spiral  of 
metallic  copper  is  inserted  in  the  end  of  the  tube,  so  as 
to  touch  the  oxide.  The  glass  tube  is  then  drawn  out 
over  the  blowpipe,  and  the  air  contained  in  it  is  per- 
fectly exhausted  by  means  of  a  Sprengel  mercuiy  air- 
pump,  as  shown  in  fig.  16. 

The  tube  containing  the  water  residue  is  then  heated 
as  in  an  ordinary  organic  combustion  in  a  combustion 
furnace,  and  as  soon  as  the  whole  tube  is  red  hot,  the 
air-pump  is  set  in  action,  and  the  produced  gases  are 
received  in  a  test-tube,  from  whence  they  are  removed 
into  the  apparatus  constructed  by  Professor  Frankland 
and  delineated  in  fig.  17. 

The  following  difi'erent  gases  are  the  product  of  the 
combustion : — 

Sulphurous  acid,  produced  from  the  sulphite  of 
soda. 

Carbonic  acid,  from  the  carbon  of  the  oro-anic 

matter.  ° 
Nitric  oxide  1  » 

Nitrogen      J  nitrogenous  matter. 

Carbonic  oxide. 

Oxygen,  in  some,  cases,  if  no  nitric  oxide  be  present. 
The  sulphurous  acid  is  first  removed  by  means  of  a  solution  of 
bichromate  of  potash,  whereby  it  is  oxidised  to  sulphuric  acid.  The 
residual  gases  are  now  accurately  measured  («).  fhe  carbonic  acid 
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is  then  ahsorhed  by  a  strong  solution  of  caustic  potash  and  the 
fvases  are  measured  again  (b).  Some  pyrogalhc  acid  ib  now  mtroduc^d 
into  the  apparatus  for  the  absorption  of  oxygen,  if  any  he  present.  \\  e 
call  the  residual  mixture  (c).  If  no  oxygen  be  found-t.e.  it  6  =  c 
-some  bubbles  of  pure  oxygen  are  added  to  the  mixture  _  They  con- 
vert the  niti-ic  oxide  present  into  nitric  tetroxide,  which  is  absorbed 
with  the  excess  of  oxygen,  by  the  alkaline  solution  of  the  pjTogallic 

From  the  residue  (cl)  consisting  of  nitrogen  and  perhaps  carbonic 
oxide,  this  latter  gas  is  absorbed  by  means  of  a  solution  of  cuprous 
chloride  and  the  nitrogen  measured  (e). 

a-b  oives  the  voliune  of  carbonic  acid. 

c-d  represents  the  volume  of  nitric  oxide, 

d-e  gives  the  quantity  of  carbonic  oxide,  and 

Tle'cS^'^rltiTihe  carbonic  acid  U  added  to  ti. 

tlTp  narbonic  oxide  gi^-ing  the  total  amount  of  carbon  m  one  litre  of 
1  wSe?  whHe  the  nitrogen  of  the  nitric  oxide,  added  to  the 
Strogen  found  as  such,  gives  the  total  amount  of  nitrogen  m  the 

"""seTeSf  blknk  experiments  with  piu-e  distilled  water  shoidd  be 
made    a  small  quantity  of  carbon  and  niti-ogen  will  always  be  found 
which,  If  once  d^etermined,  is  to  be  subtracted  in  all  cases  from  the 
TPsnlta  found  by  the  analysis  of  a  water. 

fi^pSSi  iTrcury  (  fio".16)  The  niti-ic  acid  acts  upon  the  mercurr,  and 
fiUedwithmercuiy  in    J  ;  ^     ^^^^  ^^^^  ^ 

con-amtata  ^a  Cnic  du»t  or  ^tli  ammonia.  And, 
ft  X  ,0  m:r«ouHe  a  combustion  tuta  taeato  as  may  easdy 
i    ZL       taibe  tainit  cxiiamted,  the  day's  irork  is  lost. 

Th,'  ttme  MniKd  for  the  evaporation  of  tlie  water  can  now  howeva 
to  7eiy  mnlToUned  by  the  aVio"  »'  »  contrivance  proposed  b, 
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G.  Biscliof.  The  water  is  contained  in  a  glass  balloon,  in  the  neck  of 
which  is  accurately  gi'ound  a  bent  tube  ;  the  balloon  is  inverted  over 
the  dish  in  which  the  water  is  to  be  evaporated,  and  thus  the  water  re- 
moved by  evaporation  is  continually  replaced  until  the  whole  of  the 
litre  is  evaporated.    Thus  30  hom'S  are  sufficient  for  the  evaporation, 

Wanklyn's  method  may  be  finished  in  a  very  short  time,  and  may 
easily  be  repeated  in  case  of  an  accident.  It  requires,  moreover, 
nothing  but  a  retort  and  a  condenser;  while,  on  the  other  hand, 
Frankland's  apparatus,  with  its  30  to  40  lbs.  of  mercury,  involves  con- 
siderable cost.    So  much  as  to  cost  and  time. 

The  accuracy  of  the  methods  is,  of  course,  a  point  of  infinitely 
higher  importance.  Wanklyn  admits  that  boiling  with  an  alkaline 
permanganate  does  not  yield  the  whole  of  the  organic  nitrogen :  it 
does  not  even  yield  a  constant  fraction  of  it.  He  experimented 
upon  a  variety  of  substances,  and  found  very  considerable  variations  of 
the  percentages  of  nitrogen  obtained  from  various  nitrogenous  com- 
pounds. Thus,  albiunen  gave  only  10  per  cent,  of  nitrogen,  whilst 
actually  it  contains  nearly  16,  and  casein,  with  the  same  amount  of 
nitrogen,  even  gave  as  little  as  7  "6  per  cent.  Wanklyn  proposes  to 
calculate  1  part  of  albuminoid  ammonia  as  10  parts  of  albuminoid 
matter,  but  even  thus  the  approximation  to  the  truth  can  only  be 
very  slight.  Accurate  results  cannot,  therefore,  be  expected  by  his 
method.  They  are  very  good,  however,  for  comparison.  A  bad  water 
will  appear  bad,  and  a  good  one  will  appear  good,  by  his  method, 
although  the  absolute  quantities  of  organic  matter  cannot  be  thus  deter- 
mined. Moreover,  no  idea  is  given  of  the  amount  of  carbon  present 
in  the  water,  also  a  point  of  the  highest  importance.  _ 

Franldand's  method  has  a  real  scientific  basis  ;  it  is  good  and  sound 
in  principle,  which  Wanldyn's  is  not.  It  appears  a  very  easy  pro- 
ceeding to  evaporate  the  water  and  estimate  by  combustion  the  nitrogen 
and  carbon,  but  there  are  many  practical  difficulties.  As  abeady 
mentioned,  during  the  prolonged  evaporation  some  amount  of 
contamination  with  extraneous  organic  matter  cannot  be  prevented, 
especially  as  we  have  to  deal  only  with  a  few  milligi-ammes  of  sub- 
stance. It  has  fm-ther  been  urged,  and  with  much  reason,  that  the  free 
sulphmic  acid  produced  dming  evaporation  acts  upon  the  organic 
matter,  partly  decomposing  it.  Frankland  himself  admits  contamina- 
tion of  the  water  during  evaporation  when  he  directs  that  several 
blank  experiments  should  be  made  by  the  analyst  and  the  average  of 
the  results  obtained  subtracted  in  all  cases  from  the  results  of  every 
subsequent  analysis.  Frequently  this  correction  sm-passes  in  quan- 
tity the  amount  of  organic  matter  in  pure  waters.  In  the  latter  case 
only  a  few  hundreths  of  a  cubic  centimetre  of  nitrogen  are  obtained, 
which  cannot  possibly  be  measured  with  great  accm-acy. 

A  great  number  of  analyses  made  by  either  method  have  brought 
the  author  to  the  following  conclusions  :— 

In  all  cases,  where  only  the  qtiality  of  a  drinking  or  other  water  is 
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to  be  determined,  Wanklyn's  method  gives  satisfactory  results ;  in  those 
cases,  however,  where  the  quantity  of  organic  matter,  and  especially 
the  quantity  of  carbon,  is  required,  Frankland's  method  is  to  be  pre- 
ferred. This  latter  should,  a;.d  no  doubt  will,  supersede  the  perman- 
ganate process. 

Both  methods  for  the  estimation  of  nitric  acid  give  very  accurate 
results,  if  the  quantity  of  nitrates  present  be  but  moderate. 

All  the  apparatus  requii-ed  for  water  analysis  by  Frankland's 
method  may  be  obtained  of  Messrs.  Oetti,  Holborn. 


ESTIMATION  or  THE  MIMRAL  C0N8T1TTJENT8  OP  WATER. 
Detei-^mination  of  the  total  solid  residue.— ^00  to  500  cc.  of  the 
water  are  to  be  evaporated  in  a  weighed  platinum  basin  on  the  water- 
bath,  and  the  residue  is  to  be  dried  in  the  air-bath  at  about  110°  0  The 
result  is  to  be  calculated  for  100,000  of  water. 

The  weighed  residue  is  then  heated  over  the  open  flame,  and  it  ia 
carefully  noted  whether  it  tm-ns  brown  or  black  on  igniting,  indicating 
the  presence  of  carbonaceous,  matter.  The  loss  by  ignition  may  be 
determined,  but  it  gives  no  reliable  data  as  to  the  quantity  of  organic 
matter  present,  smce  chloride  of  calciimi  retains,  when  dried  at  110°  0 
a  not  inconsiderable  proportion  of  absorbed  water,  and,  further  since' 
chlonde  of  magnesium  is  decomposed  by  heating,  suffering  a  decrease 
ot  weight  which  would  of  course  be  calculated  as  organic  matter 

Estimation  of  chlonne..~0}i\or:m&  mav  be  estimated  either  gravi- 
^A^";  ^Inn'"  ^°l^eti-ically.  For  the  first  method  of  estiniation 
oOOto  1,000  cc.  are  evaporated  to  a  small  bulk,  and  the  chlorine  is  then 
precipitated  by  means  of  nitrate  of  silver.  The  chloride  of  silver  is 
hltered,  washed,  dried,  and  weighed.  100  parts  of  AgOl  contain 
24,724  parts  of  chlorine. 

For  the  volumetric  estimation,  a  solution  of  nitrate  of  silver  of 
known  strength  is  required.    It  is  prepared  by  dissolving  in  1  litre  of 
distilled  water  0-4/ 9  gramme  of  pure  crystallised  nitrate  of  silver 
1  cc.  ol  this  solution  precipitates  0-0001  gramme  of  chlorine. 

100  cc.  of  the  water  are  measm-ed  in  a  beaker,  2  or  3  drops  of  a 
saturated  solution  of  neutral  chromate  of  potassium  are  added  and 
then  from  a  burette  the  standard  silver  solution  is  dropped  into  the 
yellow-coloured  water.  Each  drop  produces  a  brown  coloration 
which  at  first  rapidly  disappears.  Soon,  .however,  this  coloraS 
P~ent  and  the  nmnber  of  cc.  of  silver  solution  used  ^5 
noted  and  from  it  the  quantity  of  chlorine  is  calculated. 

Ihe  pnnciple  upon  which  this  method  is  based  is  the  following  •— 
Silver  has  a  greater  affinity  for  chlorine  than  for  chromic  acid  ^ 'if 
therefore,  a  solution  of  silver  be  added  to  a  liquid  containing  both 
chlorine  and  chromic  acid,  the  former  wiU  be  first  perfectly  preci- 

S  W    r  ^'o'Tlf f  I  -ddish-brown  preVitatef  l^Sns 

to  form.    As  soon  therefore  as  the  brown  coloration  is  permanent.  aU 
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chlorine  is  precipitated.  It  is  absolutely  necessary  for  the  success  of 
the  method  that  both  the  nitrate  of  silver  solution  and  the  liquid  in 
which  the  chlorine  is  to  be  estimated  are  exactly  neutral. 

Estimation  of  7iitrous  acid— It  would  be  extremely  desirable  that  a 
method  for  the  exact  determination  of  the  nitrous  acid  should  be  known, 
but  unfortimately  such  is  not  the  case.  The  processes  proposed  can 
only  be  regarded  as  giving  approximations  to  the  truth.  They  are  all 
founded  upon  the  reaction,  with  only  slight  modifications  proposed  by 
different  chemists,  which  permanganate  of  potash  undergoes  by  coming 
into  contact  with  nitrites— namely,  instantaneous  decolorisation. 

Thus,  Dr.  Paul  works  in  the  following  way :— 1  litre  of  the  water 
is  mixed  with  a  few  drops  of  chloride  of  aluminium,  and  then  vnth  an 
equivalent  quantity  of  carbonate  of  soda.  The  quantity^  of  standard 
pennanganate  solution  decolorised  after  this  proceeding  is  then  ascer- 
tained, and  from  it  the  amount  of  the  nitrous  acid  is  calculated.  But 
it  is  erroneous  to  suppose  that  all  organic  matter  is  carried  down  with 
the  hydrate  of  alumina  formed  by  the  addition  cf  carbonate  of  soda  to 
chloride  of  aluminium,  and  the  quantity  which  is  left  in  solution  and 
acted  upon  by  the  permanganate  doubtless  exceeds,  in  many  cases,  by 
far  the  quantity  of  nitrous  acid  present. 

Dr.  de  Chaiunont's  plan  is  to  acidulate  a  measured  quantity  of  the 
water,  sav  half  a  litre,  with  sulphuric  acid,  and  to  boil  it.  The  nitrous 
acid  is  thus  liberated  ^nd  thrown  off.  The  difference  between  the 
quantity  of  permanganate  used  before  and  after  boiling  would  indicate 
the  amount  of  nitrous  acid.  And,  indeed,  this  plan  seems  to  be  corro- 
borated by  an  observation  recently  made  by  Prof.  Fresenii^,  that 
nitrous  acid  is  volatile  without  decomposition.  It  would  therefore,  no 
doubt,  be  more  advisable  to  distil  a  measured  quantity  of  the  water, 
and  to  estimate  in  the  distiUate  the  quantity  of  nitrous  acid  by  means 

of  permanganate.  „t    i       •    ^  j  ^ 

Estimation  of  dissolved  gases  in  water.— We  here  include  only 
oxygen,  nitrogen,  and  carbonic  acid,  these  being  the  chief  gases  present 
in  potable  waters  in  quantities  sufficiently  large  to  allow  of  du-ect 
measuring.  They  are  obtained  from  the  water  m  which  they  are 
dissolved  in  two  ways;  namely,  either  by  boiling,  or  by  exhausting 
by  means  of  the  air-pump.  In  whatever  way  obtamed  they  are 
measured  by  any  of  the  methods  of  gas  analysis,  and_  analysed 
in  the  same  manner  as  the  gases  produced  by  the  couibustion  ol  the 
water  residue  with  oxide  of  copper,  as  practised  m  Dr.  Iranklands 
method  of  water  analysis,  to  which  the  reader  is  referred. 

Estimation  of  sulphuretted  hydrogen.  —The  quantity  of  this  gas 
contained  even  in  the  very  worst  of  waters  is  so  small  that  it  cannot 
be  estimated  by  any  gravimetrical  method ;  that  is  to  say,  by  the  pre- 
cipitation of  it  bv  means  of  a  solution  of  any  of  the  heavy  metals. 

The  volumetrical  method  employed,  is  in  ite  simplest  form,  executed 
as  follows  —A  very  dilute  solution  of  iodine  in  an  aqueous  solution 
of  iodide  of  potassium  is  first  prepared  by  dissolving  a  weighed 
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quantity  of  iodine.  This  element  acts  upon  sulpliiu-etted  liydro"-en,  as 
indicated  by  the  following  formula:— I,  +  H^S  =  2HI  +  sT  127 
parts  of  iodine  correspond,  therefore,  to  17  parts  of  sulphuretted 
hydrogen. 

A  litre  of  the  water  to  he  examined  is  measured  into  a  large  beaker, 
a  few  drops  of  a  solution  of  starch  are  added,  and  then  from  a  gra- 
duated biu-ette  the  standard  iodine  solution  is  dropped  in.  After  the 
destruction  of  the  sulphm-etted  hydrogen,  the  iodine  combines  with  the 
starch,  strildng  a  blue  coloration,  which  gives  therefore  the  indication 
that  a  sufficient  quantity  of  iodine  has  been  added.  From  the  number 
of  cc.  used,  the  proportion  of  sulphm-etted  hydrogen  contained  in  the 
water  is  easily  calculated  by  means  of  the  above-given  formula  and 
figures. 

Estimation  of  sulphuric  acid— 500  to  1,000  cc.  of  the  water  are 
evaporated  to  a  small  bulk,  acidulated  with  pure  hydrochloric  acid, 
and  the  sulphates  are  then  precipitated  by  the  addition  of  a  solution 
of  chloride  of  bariiun.  The  precipitate  is  filtered,  washed  with  boiling 
water,  incinerated  and  weighed.  100  parts  of  it  contain  .34-335  parte 
of  sulphuric  anhydride,  SO3.  It  may  here  be  remarked,  that  it  is  con- 
venient to  calculate  all  results  for  the  anhydrous  bodies,  and  not  for 
the  hydrates,  since  by  the  combination  of  a  hydrated  acid  and 
base,  water  is  eliminated,  which  would  involve  therefore  a  further 
calculation. 

Estimation  of  silica,  iron  and  alumina,  lime  and  magnesia.  

1,000  cc.  of  the  water  are  evaporated  in  a  platinum  basin  to  dryness 
on  the  water-bath,  after  the  addition  of  some  hydrochloric  acid.  The 
residue  is  moistened  with  dilute  acid,  dissolved'iu  hot  water,  and  the 
sihca  remaming  is  collected  on  a  filter,  washed,  incinerated  and  weighed. 
_  To  the  filtrate  chloride  of  ammonium  is  now  added,  and  then  the 
iron  and  alumina  are  precipitated  by  means  of  caustic  ammonia  :  the 
precipitate,  which  is  usually  very  small,  is  collected  on  a  filter, 
and  since  it  might  contain  lime,  it  is  again  dissolved  in  acid  and 
precipitated  as  before.  The  filtrates  are  joined,  and  the  precipitate  is 
weighed.  A  separation  of  the  oxide  of  iron  and  of  the  alumina  is  not 
necessary  in  the  case  of  drinking  waters. 

To  the  alkaline  filtrate  an  excess  of  oxalate  of  ammonium  is  now 
added;  this  precipitates  the  lime  as  white  insoluble  oxalate  of  lime 
which  is  separated  by  filtration  after  twelve  hours'  standiuo-     It  is 
washed  and  very  gently  heated  in  a  weighed  platinum  crucibfe,  which 
must  not  be  allowed  to  get  red  hot.    The  oxalate  is  thereby  converted 
into  the  carbonate  of  lime,  which  may  .be  weighed.    But  the  carbonate 
after  conversion  m  the  crucible  into  the  sulphate,  by  treating  it  with 
strong  sulphuric  acid,  should  be  ignited  and  weighed.    100  parts  of  " 
carbonate  of  lime  contain  56-00  parts  of  lime,  CaO,  while  100  parts 
of  the  sulphate  correspond  to  41-176  parts  of  lime.    Both  estimations  ' 
should  give  nearly  identical  quantities. 

The  liquid,  from  which  the  oxalate  of  lime  has  been  removed  by 
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filtration,  is  evaporated  to  dryness  in  a  platinum  tasin,  and  the  salts  of 
ammonia  are  driven  oft'  by  heat.  The  residue,  containing  the  mag- 
nesia as  carbonate,  is  dissolved  in  pure  hydrochloric  acid,  ammonia 
added  to  the  filtered  liquid,  and  the  magnesia  precipitated  as  phosphate 
of  magnesia  and  ammonia  by  means  of  a  solution  containing  phos- 
phate of  soda  and  chloride  of  ammonimu.  After  tvrenty-four  hours' 
standing,  this  precipitate  is  filtered,  washed  with  dilute  ammonia  (1 :  4), 
incinerated  and  weighed.  The  precipitate  is  converted  by  incineration 
into  pyro-phosphate  of  magnesia,  MgjPjOj.  100  parts  of' this  sub- 
stance are  equal  to  36"036  parts  of  magnesia. 

Estimation  of  soda. — 1,250  cc.  (or  any  other  quantity,  but  this 
is  the  most  convenient  for  calculation)  are  evaporated  to  about 
150  or  200  cc.,and  then  milk  of  lime  is  added  till  the  liquid  is  just 
alkaline.  It  is  put  into  a  flask  gi-aduated  at  250  cc,  and  fiUed  up  to 
the  mark  with  distilled  water.  The  precipitate  is  allowed  to  settle, 
and  200  cc.  of  the  clear  liquid  are  taken  out  by  means  of  a  pipette. 
These  200  cc.  represent  1,000  cc.  of  the  original  water.  They  are  put 
into  another  250  cc.  flask,  and  ammonia,  carbonate  of  ammonia,  and 
some  oxalate  of  ammonia  are  added,  and  water  to  make  up  250  cc, 
filtered,  and  200  cc.  of  the  filtrate,  equal  to  800  cc.  of  water,  are  eva- 
porated, with  the  addition  of  some  chloride  of  ammonium,  incinerated, 
and  the  chloride  of  sodiiun  thus  obtained  is  weighed. 

Potassium  occurs  only  in  small  quantity  in  drinking  waters.  It  may 
be  separated,  however,  should  any  be  present,  from^  the  chloride  of 
sodium  by  means  of  chloride  of  platinum  (see  Fresenius ). 
The  soda  may  be  estimated  indirectly  as  follows  : — 
The  residue  obtained  bv  the  evaporation  of  1,000  cc  of  water  is 
weighed  as  described  for  total  solids.  After  weighing,  a  little  water, 
and  some  dilute  sulphuric  acid,  are  added,  care  being  taken  to 
avoid  loss  by  spirting.  Evaporate  and  drive  the  sulphuric  acid  oft'  at  a 
red  heat.  The  residue  is  w-eighed.  It  consists  of  silica,  oxide  of  iron 
and  alumina,  and  the  sulphates  of  lime,  magnesia,  and  soda.  Subtract 
from  it  the  quantities  of  silica,  oxide  of  iron  and  alumina  actually 
found,  calculate  the  quantities  of  lime  and  magnesia  obtained  into  sul- 
phates, and  subtract  them;  the  rest  is  sulphate  of  soda,  which 
is  to  be  calculated  for  soda  Na.p.  100  parts  contain  43-658  of 
Na,0.  The  result  obtained  by  this  indirect  method  should  closely 
correspond  with  that  of  the  direct  estimation. 

Estimation  of  combined  carhonic  acid.— The.  carbonic  acid  may 
be  estimated  directly  or  bv  calculation.  Also  in  this  case  one  result 
maybe  used  to  check  the  other.  For  direct  estimation  1,000  cc 
of  water  are  to  be  evaporated  in  a  glass  flask  to  a  very  small  bulk, 
about  60  cc  The  liquid  is  coloured  by  tinctiure  of  litmus,  and 
dilute  sulphuric  acid  of  known  strength  is  gradually  added  to  the  boil- 
ino-  liquid,  till  the  reaction  is  just  acid.  The  volume  of  acid  used 
gives  the  quantity  of  carbonic  acid,  20  parts  of  SO,  being  equal  to  11 
of  00-. 
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The  calcvilation  of  the  quantity  of  carbonic  acid  without  direct 
estimation  is  as  follows : — 

Calculate  how  much  sulphuric  acid  (SO3)  corresponds  to  the 
quantities  of  lime,  magnesia,  and  soda  found,  and  subtract  from  this 
the  quantity  of  SO,  directly  found,  also  amounts  equivalent  to  the 
nitric  acid  and  the  chlorine  found.  The  remainder  of  sulphuric 
anhycMde  is  equivalent  to  the  combined  carbonic  acid. 

The  quantity  of  total  solids  directly  found  should  be  nearly  equal 
to  the  quantity  of  the  different  constituents  separately  estimated, 
taking  into  consideration  that  for  each  molecule  of  chlorine  an  atom 
of  oxygen  is  to  be  subtracted.  The  correspondence  cannot  be  expected 
to  be  absolute,  for  several  reasons.  The  silica  acts  during  evaporation 
and  drjdng  upon  the  carbonates,  drivino-  out  some  carbonic  acid ;  car- 
bonate of  magnesium  loses  some  carbonic  acid ;  and,  lastly,  chloride  of 
magnesiimi  cannot  be  dried  without  decomposition,  and  the  loss  of 
part  of  its  chlorine  as  hydrochloric  acid  and  the  formation  of  magnesia. 

Estimat  ion  of  phosphoric  acid. — In  most  waters  traces  of  phosphoric 
acid  may  be  found  if  only  properly  looked  for.  Its  amount  is  mostly, 
however,  so  small  that  large  quantities  of  water  must  be  evaporated 
to  render  a  quantitative  estimation  possible.  In  highly  contaminated 
and  impure  waters  phosphoric  acid  is  sometimes  present  in  compara- 
tively large  amount.  Its  estimation  may  be  thus  effected.  1  litre  of 
water  is  evaporated  to  dryness  in  a  porcelain  dish,  with  the  addition 
of  _  a  few  drops  of  nitric  acid.  The  residue  is  moistened  with  nitric 
acid  and  dissolved  in  boiling  water.  The  liquid,  the  amount  of  which 
should  not  exceed  20  cc,  is  filtered  through  a  small  filter,  and  pre- 
cipitated with  an  excess  of  a  solution  of  molybdate  of  ammonia  in 
nitric  acid.  The  yellow  precipitate  of  phosphomolybdate  of  ammonia  is 
filtered  after  twenty-four  hours'  standing,  washed  with  some  molybdate 
of  ammonia,  dissolved  in  weak  caustic  ammonia,  and  in  the  solution 
the  phosphoric  acid  is  precipitated  with  magnesium  chloride.  The 
white  and  crystalline  precipitate  of  phosphate  of  ammonia  and  magnesia 
IS  filtered,  washed,  incinerated,  and  weighed.  100  parts  of  the  in- 
cmerated  precipitate  contain  63-96  parts  of  phosphoric  acid  (P^O  ). 

The  calculation  of  the  results.~lt  is  impossible  to  tell  with  cer- 
temty  how  all  the  substances  found  and  estimated  as  described  are  com- 
bined m  the  water.  Thus  we  might  mix  nitrate  of  soda  and  chloride 
of  potassium  together,  and  we  are  no  longer  able  to  sav  which  salts  the 
solution  contains.  Very  probably  double  decomposition  takes  place, 
and  m  solution  are  now,  instead  of  two,  four  salts— namely,  the  two 
salts  mixed  and  nitrate  of  potash  and  chloride  of  sodium.  In  other 
cases  we  may  be  certain  in  which  state  of  combination  the  different 
bodies  are ;  we  know,  for  instance,  that  if  we  find  a  water  to  contain 
carbonate  of  soda,  chloride  of  calcium  cannot  be  present,  these  two  salts 
decomposing  each  other,  forming  carbonate  of  calcium  and  chloride  of 
sodium.  J?  uri;her  we  cannot  determine  by  evaporation  and  the  forms  of 
the  crystals  which  salts  were  originally  present,  since  double  decomposi- 
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tion  prevents  any  accurate  conclusions ;  thus,  we  dissolve  together 
nitrate  of  soda  and  chloride  of  magnesium,  and  if  vs^e  then  evaporate, 
we  get  in  the  very  concentrated  solution  crj'^stals  of  chloride  of  sodium, 
notwithstanding  that  this  substance  was  not  present  originally. 

Some  information  as  to  the  manner  in  which  the  mineral  sub- 
stances dissolved  in  water  are  combined  may  be  obtained,  by  sepa- 
rating the  soluble  from  the  insoluble  portion  of  the  residue,  by  means 
of  a  very  small  quantity  of  distilled  water  ;  also  bj'  a  partial  evaporation 
of  the  water,  whereby  the  earthy  carbonates  are  separated  from  the 
other  constituents. 

Certain  rules  may,  however,  be  observed,  which  cannot  lead  far 
wrong.  If  several  salts  are  brought  together  in  solution  they  always 
combine  so  as  to  form  the  most  insoluble  combinations.  We  are  sure,  for 
instance,  that  if  we  find  in  a  water  barium,  chlorine  and  sulphuric 
acid,  if  such  a  case  were  possible,  the  barium  must  be  combined  with 
the  sulphuric  acid. 

Fresenius,  the  highest  authority  on  water  analysis,  gives  the  fol- 
lowing directions  for  the  calculation  of  the  results : — •  The  chlorine  is 
combined  with  the  sodium ;  if  there  is  an  excess  this  is  combined  with 
calcium.  If,  on  the  other  hand,  there  remains  an  excess  of  soda,  this 
is  combined  with  sulphuric  acid.  The  sulphuric  acid,  or  the  remainder 
of  the  sulphiu"ic  acid,  as  the  case  may  be,  is  combined  with  lime. 
The  nitric  acid  is,  as  a  rule,  to  be  combined  with  lime.  The  silica  is  put 
down  in  the  free  state,  the  remainder  of  the  lime  and  the  magnesia  as 
carbonates. 

'  It  must  always  be  borne  in  mind,  that  the  residts  of  the  quanti- 
tative analysis  may  render  another  arrangement  of  the  acids  and 
bases  necessary.  For  instance,  if  the  evaporated  water  reacts  strongly 
alkaline,  carbonate  of  soda  is  present,  generally  in  company  vdth  sid- 
phate  of  soda  and  chloride  of  sodium,  occasionally  also  with  nitrate 
of  soda.  The  lime  and  magnesia  are  then  to  be  entirely  combined 
with  carbonic  acid.' 

Esthnation  of  hardness. — We  have  already  described  the  exact 
chemical  methods  for  the  estimation  of  lime  and  magnesia.  For 
practical  purposes  it  is,  however,  frequently  sufficient  to  determine 
the  total  quantity  of  lime  and  magnesia,  if  not  with  exactness,  at  all 
events  with  very  close  approximation  to  the  truth.  The  method 
employed  for  this  purpose  is  that  proposed  by  Prof.  Clarke,  and 
is  founded  upon  the  following  facts.  Common  soap  consists  chiefly  of 
oleate  and  stearate  of  soda,  which  salts  are  both  soluble  in  water.  If 
a  solution  of  soap  is  mixed  with  one  of  a  salt  of  lime  or  magnesia, 
stearate  and  oleate  of  these  bases  are  formed,  which,  being  insoluble, 
form  a  white  precipitate.  It  is  evident  that  an  amount  of  soap  will 
thus  be  precipitated,  which  stands  in  proportion  to  the  quantity  of 
lime  and  magnesia  present,  or,  in  other  words,  which  is  equivalent 
to  it.  If,  therefore,  a  solution  of  soap  of  known  strength  be  prepared 
and  added  to  a  measm-ed  quantity  of  the  water  to  be  tested,  a  lather 
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characteristic  of  soap  cannot  be  formed  on  shaldng,  until  the  -whole  of 
the  lime  and  magnesia  are  precipitated,  and,  moreover,  a  smaU  excess 
of  the  soap  solution  is  added.  The  volume  of  the  soap  solution  used 
wiU  thus  give  the  proportion  of  the  alkaline  earths. 

It  wiU  fiu-ther  be  seen,  that  56  parts  of  lime  will  destroy  or  pre- 
cipitate just  as  much  soap  as  40  parts  of  magnesia,  these  being  the 
equivalents  of  the  two  bases.  The  soap-test  does  not  allovsr  of  a  dis- 
criujination  of  lime  and  magnesia ;  the  total  amount  must  either  be 
expressed  and  calculated  for  lime  or  for  magnesia.  Lime  being  usually 
the  prevalent  constituent,  the  figures  are  based  upon  the  amount  of  this 
substance.  In  England  it  is  customary  to  calculate  the  results  not  as 
lime  but  as  carbonate  of  lime,  and  to  call  1  grain  of  carbonate  of  lime 
in.  1  gallon,  or  70,000  grains  of  water,  1  degree  of  hardness,  whilst 
other  countries,  as  France  and  Germany,  calculate  as  caustic  lime, 
and  caU  1  part  of  caustic  lime  in  100,000  parts  of  water  1  degree  of 
hardness. 

The  details  of  the  process  and  the  preparation  and  standardising  of 
the  soap  solution  are  as  follow.  It  is  absolutely  necessaiy  to  adhere 
strictly  to  these  details  if  satisfactory  results,  and  figm-es  agri"eeinf 
among  themselves,  and  with  those  of  other  observers,  are  expected. 

A  solution  of  lime  of  known  sti-eno-th  is  first  prepared  by  heating 
pure  chloride  of  calcium  j  ust  to  redness  in  a  weighed  platinum"  crucible, 
allowing  to  cool  over  sulphuric  acid,  and  reweighing  when  cold.  About 
half  a  gi-amme  is  thus  accurately  weighed  and  dissolved  in  such  a 
quantity  of  water  that  1,000  cc.  or  1  litre  contains  1-110  gramme  of 
chloride  of  calcimn,  equal  to  1  gramme  of  carbonate  of  lime  in  1  litre 
of  water ;  1  cc.  therefore  con-esponds  to  0-001  gramme  of  carbonate  of 
lime, 

40  grammes  of  lead  plaister  are  finely  powdered  in  a  mortar,  and 
then  intimately  mixed  with  20  grammes  of  carbonate  of  potash,  with 
the  addition  of  a  few  drops  of  water.  The  mass  is  then  repeatedly 
treated  with  cold  methylated  spirit,  which  dissolves  easily  the  soap  or 
oleate  of  potash  thus  formed,  while  insoluble  carbonate  of  lead,  and 
the  excess  of  carbonate  of  potash,  are  not  taken  up  by  the  alcohol  The 
amount  of  alcohol  should  be  about  30  times  the  weight  of  the  lead 
plaster  taken.  This  soap  solution  is  diluted  with  its  equal  volume  of 
water.  It  now  requires  standardising.  70  cc.  of  distiUed  water  are 
measured  into  a  stoppered  bottle,  capable  of  holding  about  250  cc,  and 
lucc.  ot  the  unstandardi?ed  soap  solution  are  added  to  it.  From  a 
burette,  dmded  into  tenths  of  cubic  centimetres,  the  standard  chloride 
of  calcium  so  ution  is  then  slowly  added.  The  mixtm-e  is  from  time  to 
time  well  shaken.  As  long  as  the  liquid  froths  or  lathers  on  shaking, 
undecomposed  soap  is  present,  and  more  of  the  chloride  of  calcium 
solution  IS  to  be  added.  At  the  point  when  latlier  no  longer 
appears,  the  volume  of  the  calcium  solution  is  then  accurately  read  ofi; 
and  we  find  thus  how  much  of  this  solution  is  necessary  to  decompose 
10  cc.  of  the  soap  solution.    This  latter  will  be  found  to  be  much 
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stronger  tlian  the  calcium  solution.  It  is  then  calculated  how  much 
water  must  be  added  to  it  in  order  to  render  it  of  such  a  strength  that 
17  cc.  of  the  soap  solution  require  16  cc.  of  the  calcium  solution  for  per- 
fect decomposition. 

Properly  1  vokune  of  the  one  solution  ought  to  neutralize  1 
volume  of  the  other,  but  it  is  evident  that,  to  produce  lather,  a  slight 
excess  of  soap  must  be  added,  hence  the  above  figures.  After  dilution 
of  the  soap-test,  the  standard  should  be  verified  again  by  experiment. 

The  employment  of  the  standard  soap  solution,  obtained  as  de- 
scribed, is  as  follows : — 

100  cc.  of  the  water  to  be  tested  are  measm-ed  into  a  stoppered 
bottle,  and  with  frequent  shaking  the  soap-test  is  added  from  a  burette. 
As  soon  as  a  permanent  lather  is  formed,  which  will  remain  for  live 
minutes,  the  addition  is  stopped.  The  number  of  cc.  of  the  soap  used 
gives  the  quantity  of  carbonate  of  lime  in  100,000  parts  of  water.  K, 
after  the  addition  of  24  cc.  of  soap,  lather  does  not  appear,  100  cc. 
of  distilled  water  are  added,  and  afterwards  from  the  total  quantity  of 
soap  solution  used  1  cc.  is  subtracted. 

If  it  is  desired  to  obtain  degrees  of  hardness,  i.e.,  calculate  the  result 
for  one  gallon,  70,000  grains  of  water,  the  figure  is  simply  to  be  • 
multiplied  by  0'7. 

Thus  we  obtain  what  is  called  total  hardness,  which  is  the  measure 
of  the  total  soap-destroying  power  of  the  water.  This,  as  we  have 
explained  above,  is  mainly  due  to  all  salts  of  lime  and  magnesia  present. 
A  part  of  these  salts  is  permanently  soluble  in  water,  as  the  chlorides, 
sulphates,  and  nitrates,  whilst  the  carbonates  of  lime  and  magnesia  are 
as  such  insoluble  in  pure  water.  They,  however,  dissolve  in  consider- 
able quantity  in  water  containing  free  carbonic  acid,  soluble  bicarbon- 
ates  being  formed.  By  boiling  the  dissolved  carbonic  acid  is  driven 
away,  and  consequently  the  carbonates  of  lime  and  magnesia,  their 
solvent  being  removed,  separate  in  the  form  of  microscopical  crystals. 
The  hardness,  of  course,  is  reduced  in  proportion  to  the  quantities  of 
carbonates  of  these  two  bases  present. 

The  pei'manent  hardness  is  estimated  by  boiling  100  cc.  of  the 
water  for  three-quarters  of  an  hour  in  a  platinum  basin,  adding  at 
intervals  distilled  water  to  make  up  for  the  loss  by  evaporation ;  or  the 
water  may  be  evaporated  to  about  one-third  of  the  original  bulk,  but 
then  it  must  be  diluted  and  boiled  again  with  distilled  water,  to  take 
up  any  sulphate  of  lime  which  might  have  separated  in  a  crystaUine 
form  ;  but  this  latter  case  will  rarely,  if  ever,  happen,  since  the  solu- 
bility of  gypsum  is  rather  considerable.  After  the  lapse  of  that  time 
the  water  is  allowed  to  cool,  filled  up  to  its  original  bulk,  transferred 
into  the  stoppered  bottle,  and  its  hardness  estimated  as  described.  The 
loss  of  hardness  by  boiling  is  called  temporary  hardness. 

Detection  and  determination  of  lead  and  copper. — We  have  shown 
in  a  previous  chapter  that  lead  is,  under  certain  circumstances,  dis- 
solved by  water  in  quantities  sufiicient  to  be  attended  by  injurious 
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effects.  These  quantities  are,  however,  mostly  too  minute  to  be  de- 
tected in  the  water  in  its  uncoucentrated  condition,  and  to  elFect  its 
determination  it  is  always  necessary  to  evaporate  it  to  a  smaller  bulk. 
This  operation  is  performed  in  porcelain  dishes,  with  the  addition  of 
a  drop  or  two  of  hydi'ochloric  acid,  so  as  to  slightly  acidulate  the 
water.  If  by  the  addition  to  a  portion  of  this  concentrated  liquid  of  a 
few  drops  of  sulphuretted  hydrogen  dissolved  in  water,  a  dark  coloration 
is  produced,  one  of  the  series  of  the  heavy  metals  is  sure  to  be  pre- 
sent. This  may  be  either  copper  or  lead,  but  in  most  cases  the  latter 
metal.  To  ascertain  which  of  them  is  present  in  a  special  case,  much 
larger  quantities  of  the  water  must  be  evaporated  and  tested.  From 
three  to  four  litres  of  water  are  evaporated  to  a  small  bulk,  with 
the  addition  of  a  few  di-ops  of  nitric  acid.  Sulphuretted  hydrogen 
is  passed  thi-ough  the  liquid  for  about  tkree  or  foiu-  hom-s,  and  the 
black  precipitate  which  forms,  if  either  lead  or  copper  is  present, 
is  collected  on  a  filter  and  washed  with  water  containing  some  sul- 
phuretted hydi-ogen.  It  is  then  boiled  with  pure  nitric  acid  and 
evaporated  on  the  water-bath,  with  the  addition  of  a  drop  of  sulphuric 
acid,  and  moistened  again  with  distilled  water.  The  residue,  if  any, 
consisting  of  sulphate  of  lead,  is  collected  on  a  filter,  and  the  filtrate 
tested  a,fter  neuti-alisation  with  ammonia  and  acidulation  with  acetic 
acid,  with  a  solution  of  ferrocyanide  of  potassimn,  which  will  give 
rise  to  a  red  precipitate  if  any  co^yjier  be  present. 

The  quantitative  estimation  of  either  metal  is  usually  effected  by  a 
colorimetrical  process— namely,  by  comparing  the  depth  of  colour 
produced  by  sulphuretted  hydrogen  in  the  water  to  be  examined  with 
that  produced  in  a  solution  of  lead  of  known  strength,  in  precisely 
analogous  manner_  as  the  colorimetrical  determination  of  ammonia  in 
water.  The  details  are,  therefore,  evident  to  every  one  who  is  ac- 
quainted with  this  latter  process,  and  need  no  description.  The 
standard  solution  is  prepared  by  dissolving  a  known  quantity  of 
crystals  of  pure  acetate  of  lead. 

Estimation  of  suspended  matters. — A  large  quantity  of  the  turbid 
water,  say  1  litre,  is  filtered  through  a  di-ied  and  weighed  filter,  which 
IS  then  redried  and  again  weighed.  Thus  the  total  suspended  matter 
IS  obtained.  _  It  is  subsequently  incinerated  in  a  weighed  platinum 
crucible,  and  in  this  manner  the  proportion  of  mineral  and  organic  sus- 
pended matter  is  arrived  at.  The  substances  in  suspension  are  fre- 
quently so  finely  divided  that  they  pass  through  the  best  filter  paper, 
and  sometimes  they  settle  with  such  extreme  slowness,  that  the  esti- 
mation becomes  practically  impossible.  A  quantitative  analysis  of  the 
mineral  portion  is  seldom  required,  although  it  may  be  desirable  in 
some  cases  to  test  it  qualitatively.  Again,  when  the  sediment  is  thus 
collected  a  good  opportunity  is  presented  for  a  further  microscopical 
examination. 
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CHAPTER  IV. 
TEA  AND  ITS  ADULTERATIONS. 

DEFINITION   OF  ADULTERATION. 

Leaves  other  than  those  of  tea,  except  those  used  for  scenting  ;  pxhausted 
tea-leaves  and  damaged  tea  ;  an  undue  proportion  of  stalks  or  vefjetable  matter 
foreign  to  tea,  of  any  kind  whatever ;  foreign  mineral  matter,  es-peeiaUy  sand, 
quartz,  soapstone,  China  clay,  magnetic  oxide  of  iron,  &c.  Lastly,  the  sub- 
stances used  for  artificiall}-  colouring  or  painting  the  teas,  as  ferrocj-aiiide  of  iron, 
or  Prussian  blue,  indigo,  turmeiic,  &c. 

Groioth  and  Freparation. 

The  tea-plant,  Thea  sinensis,  is  a  hardy  evergreen  flowerinp:  shrub, 
attaining  the  height  of  from  three  to  six  feet  and  upwards.  It  belongs 
to  the  natural  familj^  Colmnniferai,  Tei-nstroemiacecB  of  Lindley, 
which  includes  the  camellias  and  myrtles.  The  tea-plant  occurs  in- 
digenously or  is  specially  cultivated  in  China,  Japan,  paits  of  India, 
especially  the  southern  side  of  the  Himalayas,  and  in  Western  Africa ; 
but  the  plants  will  grow  in  many  other  mild  climates,  and  it  is  stated 
that  they  will  flourish  in  all  latitudes  from  the  equator  up  to  40°.  It 
is  usually  propagated  from  seed ;  the  seedlings  when  a  year  old  are 
planted  in  rows,  three  or  four  feet  apait.  They  come  to'maturitv  in 
three  or  four  years,  yielding,  in  the  com-se  of  the  season  three,  and  in 
some  cases  four,  crops  of  leaves.  When  ten  or  twelve  years  old,  the 
plants  are  dug  up  and  replaced  by  other  seedlings. 

The  first  gathering  takes  place  early  in  the  spring,  the  second  in 
the  beginning  of  May,  the  third  about  the  middle  of  Jime,  and  a 
fom-th  in  August.  The  leaves  of  the  first  gathering  are  the  most 
valuable,  and  from  these  Pekoe  tea,  which  consists  of  the  young  leaves 
and  leaf  buds,  as  well  as  black  teas  of  the  highest  quality,  are  prepared. 
The  leaves  of  the  last  gathering  are  large  and  old,  and  inferior  in 
flavour  and  value. 

The  use  of  tea  became  general  in  China  about  the  year  GOO, 
but  it  was  not  until  the  seventeenth  centiuy  that  it  was  brought  to 
Europe. 

The  teas  of  commerce  are  divided  into  black  and  green.  All  the 
varieties  of  these  are  derived  from  the  same  species  of  tea-plant,  the 
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differences  depending  upon  soil,  climate,  age  of  the  leaves,  and  mode 
of  preparation.  The  plants  from  which  black  tef  s  are  prepared  are 
grown  chiefly  on  the  slopes  of  hills  and  ledges  of  mountains,  while 
the  green  teas  are  cultivated  in  manured  soils;  other  differences 
between  the  two  kinds  of  tea  are  occasioned  by  the  processes  adopted 
in  the  preparation  and  roasting  of  the  leaves.  Thus,  the  leaves  of 
black  tea  are  allowed  to  lie  in  heaps  for  ten  or  twelve  hours,  during 
which  they  undergo  a  species  of  fermentation,  and  it  is  this  which 
occasions  them  to  assume  a  dark  colour  They  are  then  tossed  about 
till  they  become  flaccid.  They  now  emit  the  characteristic  odour  of 
tea ;  the  leaves  are  next  rolled  with  the  hands  into  balls  on  a  wooden 
table,  and  much  liquid  is  said  to  be  expressed  from  them.  '  After 
which  they  are  shaken  out,  roasted  for  a  few  minutes,  again  rolled,  and 
while  still  flaccid  are  exposed  to  the  air  for  some  hours  upon  shallow 
bamboo  trays  ;  this  alternate  heating  and  rolling  is  repeated  tbree  or 
four  times,  and  finally  the  leaves  are  dried  slowly  over  charcoal  fires.' 
Those  of  green  tea  are  not  subjected  to  this  preliminary  fermentation, 
but  are  roasted  'within  an  hour  or  two  after  they  have  been  gathered, 
in  pans  over  a  brisk  wood  fire.  After  foiu-  or  five  minutes'  roasting 
the  leaves  become  flaccid  and  are  rolled  by  the  hands  upon  a  wooden 
table  ;  they  are  then  again  thrown  into  the  drying  pans,  where  they 
are  kept  in  rapid  motion,  and  in  about  an  hour  and  a  half  are  com- 
pletelv  dried'  (Watts).  But  the  leaves  thus  prepared  are  of  a 
yellowish  or  olive-green  tint,  very  unlike  the  colour  of  the  painted 
green  teas  imported  into  this  country  from  China. 

The  outward  characters  of  certain  teas  depend  upon  the  rolling  to 
which  the  leaves  are  subjected,  an  operation  which,  is  three  or  four 
times  repeated  in  the  case  of  superior  teas,  before  the  drying  and 
rolling  are  considered  to  be  complete. 

The  Scenting  of  Tea. — To  certain  descriptions  of  tea  an  artificial 
odour  or  scent  is  imparted.  This  is  commtmicated  to  the  teas  chiefly 
by  means  of  the  Chulan  flower,  Chloranthus  inconspicwim  ;  those  of  Olea 
frngr  (ins,  Gnrdenin  Jloridci,  and  Jnsminum  sanibac  are,  bowever,  also 
sometimes  used  for  the  purpose.  Two  processes  are  adopted  for  the 
scenting  of  the  tea.  In  some  cases  the  fresh  flowers  are  strewn 
between  successive  layers  of  tea,  and  both  are  then  roasted  until  the 
flowers  become  crisp,  when  they  are  sifted  out.  In  others  the  flowers 
are  dried,  powdered,  and  then  sprinkled  over  the  tea. 

The  principal  kinds  of  black  tea  are  Bohea,  the  commonest  descrip- 
tion,^ Congou,^  Souchong,  Caper,  and  Pekoe,  which  last  is  of  the  highest 
quality,  consisting  of  the  unexpanded  leaves  and  buds,  which,  when 
clothed  with  hairs  or  down,  constitute  Flowm-y  Pelwe ;  but  the  three 
last  named  teas  really  possess  more  the  characters  of  green  than  of  black 
teas.  The  chief  varieties  of  green  tea  are  Twankay,  Hyson  Skin,  Young 
Hyson,  Hyson,  Imperial,  and  Gunpoivder,  this  last  corresponding  in 
green  tea  with  Flowery  Pekoe.  Imperial,  Hyson  and  Young  Hyson 
consist  of  the  second  and  third  gatherings,  while  the  light  and  inferior 
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leaves  separated  from  Hyson  by  a  winnowing  machine  constitute 
Hyson  Skin,  in  much  demand  amongst  the  Americans.    The  scented 


Fig.  18. 


B 

Leaves  op  the  Tea-plant. 

A,  Young  leaf ;  B,  leaf  of  black  tea  of  medium  size  ;  C,  ditto  of  larger  growth ; 
D,  leaf  of  tile  green  variety  of  the  tea-plant. 


teas  are  Scented  Caper,  or  Schulan,  and  Scented  Orange  Pekoe,  These 
teas  are  not  drunk  by  themselves,  but  are  usually  mixed  in  small  pro- 
portions with  other  teas.  Indeed,  there  are  few  kinds  of  tea  which 
are  partaken  of  alone  ;  nearly  aU  the  teas  of  the  shops  consisting  of  a 
mixture  in  various  proportions  of  different  kinds  of  tea,  one  being  used 
for  its  flavour  and  fulness  on  the  palate,  another  for  its  odour,  and  a 
third  for  its  strength,  colour,  and  body.  Teas  are,  in  fact,  even  more 
subject  to  the  operation  of  blending  than  wine  itself.    This  blendmg 
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or  mixing  constitutes  a  special  art  or  business,  and  so  particular  are 
most  large  and  wholesale  firms,  that  they  always  keep  portions  of  the 
first  mixings  to  serve  as  standards  or  guides  for  the  next  mixino-  • 
uniformity  of  quality,  so  much  desired  by  many  customers,  being  there- 
by obtained. 

Thefonn  of  the  leaves. — The  leaves  vary  considerably  in  size  and 
form,  according  to  age.  The  youngest  leaves  are  nan-ow,  downy,  and 
present  slight  evidences  of  serration.  Those  next  in  age  and  size  have 
then-  edges  delicately  serrated,  with  the  venation  but  little  perceptible  ; 
in  those  of  medium  and  large  sizes  the  venation  is  well  marked,  a 


Hg.  19. 


Leaf  of  the  Assam  variety  of  the  Tea-plant  ;  the  venation  is  the  same  as  in  the 
black  and  green  varieties,  but  there  is  a  slight  difference  in  the  serrations 
which  are  alternately  large  and  small— a  difference  which  is  probably  not 


^  series  of  characteristic  loops  being  formed  along  each  maro-in  of  the 
leaves,  the  serrations  being  sti-onger  and  deeper  and  wider  apart  Some 
•.times,  as  in  the  Assam  variety  of  the  tea-plant,  the  serrations  are 
-.alternately  large  and  small,  a  difference  which  is  probably  not  con- 

_  The  form,  serration  and  venation  of  the  tea-leaf  are  usuallv  sufS- 
rciently  characteristic  to  distinguish  it  from  most  other  leaves  with 
"Which  tea  IS  liable  to  be  mixed,  but  in  cases  of  doubt  or  difHciUtv 
.most  valuable  aid  is  obtained  by  a  knowledge  of  the  minute  structure 

■  ■of  the  leaf  as  shown  by  the  microscope.  ^"i-i-ure 

Minute  structure  of  the  tea-leaf -The  tea-leaf  is  made  up  of 
r^eptdermtc  c^lh  parenchimatous  cells,  stomata,  hairs,  and  ^ooody  fibre  the 
.latter  forming  the  basis  or  skeleton  of  the  leaf.  The  cells  of  t  ieX& 
wary  m  accordance  with  thesizeof  the  leaf;  in  that  of  miliuSe  Z 

■  cells  are  small  and  slightly  angular  only,  while  in  the  hard  and  old  leaf 
Lthey  are  larger,  more  angular,  and  the  walls  of  the  cells  are  more 
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Under  surface  of  Tea-leaf,  sho'wing  the  stomata  and  cells  of  this  portion  of  the 
leaf,  as  well  as  a  part  of  one  of  the  hairs  by  which  this  surface  is  clothed. 
Magnified  350  diameters. 
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distinctly  visible.  The  stomata  are  confined  to  tlie  under  surface  of  tlie 
leaves,  are  rather  numerous,  oval,  or  sometimes  ueai-ly  round,  and 
formed  of  two  reniform  cells,  which  encircle  a  very  apparent  aperture. 
The  epidennic  cells,  to  adapt  themselves  to  the  form  of  the  stomata, 
are  themselves  cm'ved.  The  hairs  are  also  confined  to  the  under  surface 
of  the  leaf.  They  are  very  numerous  on  young  leaves,  less  abundant 
on  those  of  middle  age,  and  on  old  leaves  are  nearly  altogether  wanting. 
They  are  short,  pointed,  and  undi^dded.  The  cells  forming  the  paren- 
chyma of  the  leaf  resemble  those  of  most  other  leaves,  and  do  not 
present  anything  remarkable. 


Pig.  22. 


COMPOSITION  OF  TEA. 


The  infusion  made  from  tea  contains  colouring  matter,  qum,  sac- 
ehanne  mcMer  or  glwose,  tannin,  a  peculiar  volatile  oil,  a  nitroqenous 
alkaloid  or  prmciple  called  T^eme,  iden  tical  with  cafieine,  albuminoid 
matter,^  and  various  organic  and  inorganic  salts ;  while  that  portion 
which  is  insoluble  in  hot  water  consists  chieflvof  the  albuminoid  matter, 
colouring  matter,  and  celluluse,  in  the  forms'of  cells  and  fibre 

A  very  good  idea  of  the  age  and  quaUty  of  a  tea  mav  be  gathered 
from  the  relative  proportions  of  matter,  soluble  and  insJluble^  in  hot 
water.    The  following  table  exhibits  the  quantity  of  extractive  matter 
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furnished  by  samples  of  black  and  green  teaa  of  various  qualities  and 
descriptions : — 


Quantity  of  Extractive  Matter. 


Black  Teas. 
Ankoi  Congou 
Pekoe  Congou 
Pekoe  Souchong  . 
Assam  Souchong  , 
Pekoe  Souchong  . 
Moning  Consou  . 
Kaisou  Congou  . 
Orange  Pekoe 
Mixed  Black 

»        >»  • 

Pure  Black  . 
Mixed  . 

Moning  Congou  . 
Java  Souchong  . 
Assam  broken 

Green  Teas. 
Pearl  Gunpowder 
Moyune  Hyson  . 
Mixed  Green 

»>  • 

Pure  Green  . 
Java  Young  Hyson 

if  J9  »> 

Japan  Oolong 


28-  16 
26-23 
24-63 

37-  76 

38-  15 

29-  47 

26-  36 

39-  00 
31-08 

40-  08 

40-  00 

41-  58 
37-66 
47-40 
46-50 

27-  70 
39-03 
46-64 
41-36 

43-  32 
60-38 
45-88 

44-  46 


Black  Teas, 
Earaoo  broken 
Broken  Orange  Pekoe 
Pekoe,  Ramoo 
Ramoo  Pekoe  Souchong 
Black  tea 


Average 


Green  Teas. 
Kumaon  Young  Hyson 
Green  tea 
Foo  Chow  Caper  . 
Gunpowder  . 
Green  tea  . 


Average 


33-25 
40-99 
42-25 
39-14 
33-25 
28-24 
25-34 

25-  14 
28-76 

32-  79 

26-  15 
24-72 

33-  85 


46-50 
39-06 
38-21 
37-47 
35-68 

41-20 


According  to  Peligot,  black  tea  fiimislies  an  average  extractive  of 
39-6  per  leaf,  and  green  tea  of  42*9  per  leaf.  There  is  no  doubt  that 
Peligot's  average  for  black  tea  is  far  too  High,  and  this  undoubtedly 
arises  from  the  fact  of  his  having  included  among  his  black  teas  a 
uumber  of  really  green  teas,  as  the  Pekoes. 

According  to  Mulder's  analysis,  100  parts  of  tea  consist  of— 


Green 
0-79 
2-22 
0-28 
2-22 
8-56 


Essential  oil  (to  which  the  flavour  is  due) 

Chlorophylle   

Wax  

Resin  

Gum  

Tannin   17-80 

Theine   ^'43 

Extractive   22-80 

Dark  extractive  deposit   — 

Coloured  matter,  separable  by  hydrochloric  acid    .  23-60 

Albumen   

Vegetable  fibre   17-08 

Ash   5-56 


Black 

0-  60 

1-  84 

3-64 
7-28 
12-88 

0-  46 
19-88 

1-  48 
19-12 

2-  80 
28-32 

5-24 


104-34 


104-04 


TEA  AND  ITS  ADULTERATIONS. 


99 


Moleschott  gives  the  following  mean  analysis  of  black  tea,  com- 
piled from  the  analyses   of  Mulder,  Wan-ington,  Stenhouse  and 


Peligot: — 


Theine  . 
Albumen 
Dextriu  . 
Cellulose 
Wax  . 
Chlorophylle  . 
Eesin 

Tannic  acid  . 
Ethereal  oil  . 
Extractive  matters 
Apothema 
Ash 

Water  . 


1-  576 

2-  375 
8-668 

20-077 

0-  130 

1-  901 

2- 203 
13-969 

0-669 
18-410 
0-690 
4-808 
6-500 

81-976 


The  albumen  or  legiunm  is  obviously  greatly  underrated  in  the 
above  analysis,  and  the  figm-es  given,  as  will  be  seen,  do  not  make  up 
a  himdrod  parts,  although  doubtless  the  analysis  represents  the  ner- 
centage  composition  of  tea.  It  is  not  quite  clear  what  has  been 
omitted  unless  it  be  the  coloured  matter  of  Mulder,  separable  bv 
hydrochloric  acid,  and  which  probably  consisted  in  the  main  of 
albuminous  matter. 

Analyses  recently  made  by  the  author  furnished  the  foHowino- 
results .- —  o 


Water 
Tannin 
Gum  . 

Albuminous  matter 
Theine 
Ash  .  . 

Chlorophylle  and  other  undetermined  extractive 

matter  

Matter  insoluble  in  water  ;  celiulose,  &c.'  minus 

albuminous  matter 


Total  extractive  matter 

Nitrogen  iji  the  insoluble . 
Nitrogen  in  the  soluble  , 


Total  nitrogen 
Parts  of  ash  soluble  in  water 
Insoluble  in  water  . 


Black 
11-66 
16-24 
5-70 
I5'55 

2-  53 
5-82 

■  5-24 
38-36 

100-00 

33-25 

1-82 
1-38 

3-  20 

02-69 
37-31 


Green 
9.37 

18-69 
6-89 

24-39 
2-79 
5-38 

1-83 
31-66 


100-00 
39-06 

2-48 
2-07 

4-55 

68-05 
31-95 


The  following  quantities  of  nitrogen  have  been  found 

H  2 


100-00  100-00 

in  tea  by  dif- 
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ferent  cliemists.  Pelijjot  obtained  in  Pekoe  tea,  dried  at  100°  C,  6-58 
per  cent. ;  in  Gunpowder  6-16,  in  Souchong  6-15,  and  Assam  6-10.  The 
aqueous  extract  of  dried  Gunpowder  tea  yielded  4-3,  of  ^een 
Souchong  4-7  per  cent.,  while  the  exhausted  leaves  furnished  4-6  per 
cent,  for  the  Souchong,  aad  4-4  per  cent,  for  the  Gunpowder.  These 
quantities  appear  to  be  too  high. 

We  obtained  from  a  sample  of  black  tea,  not  previously  dried,  as 
will  be  seen  by  our  analyses,  3-20  per  cent.,  and  from  green  tea  4-55 
per  cent. 

Theine,  when  pure,  crystallises  in  fine  needles  of  a  silky  lustre. 
They  lose  at  100°  0.  one  atom  of  water  of  crystallisation,  amoimting  to 
about  8  per  cent,  of  their  weight.  They  are  bitter  and  have  no  smell ; 
they  melt  at  178°  0.  and  sublime  at  185°  C,  without  decomposing. 
It  is  freely  soluble  in  boiling  water,  and  less  soluble  in  ether  and 
alcohol ;  in  93  parts  of  water  of  ordinary  temperatm-e  and  in  300  parts 
of  ether,  according  to  Peligot.  The  crystals  which  separate  froni  the 
ethereal  solution  are  anhydrous.  When  heated  with  soda  lime  it  yields 
cyanides.  Theine  is  a  feeble  base,  and  is  precipitable  by  tannin  from 
Its  solutions ;  its  formula  is  CgH^QN^Oa,  according  to  which  it  con- 
tains 28-87  per  cent,  of  nitrogen. 

The  theine  in  Mulder's  analyses  is  ob\'iously  much  imdeiTated. 
Stenliouse  gives  in  the  teas  of  commerce  an  average  of  1-39  per  cent, 
based  upon  8  analyses,  while  our  average,  founded  upon  25  determina- 
tions, amounts  to  2-1 ;  but  Peligot  obtained  much  larger  quantities : 
in  Hyson  2-4  and  2-56  per  cent. ;  in  a  mixtm-e  of  equal  parts  of  Gun- 
powder, Kaisou,  Caper  and  Kaisow  tea,  27  ;  in  Gunpowder  tea  3-5 
and  4-1  per  cent.,  and  even  6-21  per  cent.,  of  which  3-84  per  cent, 
crystallised  out  from  the  concentrated  solution,  and  2-37  were  obtained 
by  precipitation  with  tannic  acid.  Many  of  these  numbers  are 
oiaviously  too  high,  and  Peligot  must  have  obtained,  one  would  sup- 
pose, the  theine  in  an  impm-e  state. 

The  quantities,  however,  present  in  tea,  as  wiU  be  seen  by  the  fol- 
lowing table,  vary  greatly ;  but,  as  a  rule,  green  teas  contain  more  than 
black.  It  does  not  appear  that  any  strict  relation  exists  between  the 
amoimt  of  theine  present  and  the  quality  of  tea. 


Quantities  of  Theine  in  Genuine  Teas. 


Aiikoi  Congou 
Peltoe  Congou 
Pekoe  Souchong 
Assam  Souchong 
Pekoe  Souchong 
Moning  Congou 
Kaisou  Congou 
Orantie  Pekoe 
Mixed  Black 

Pure  Black  . 


Black- 

1-  57 
3-04 

2-  13 
1-36 
1-61 

1-  83 

2-  31 

1-  90 

2-  08 
2-73 
1-74 


Mixed  . 
Assam  broken 
Ranioo  broken 
Broken  Orange  Pekoe 
Kumaon  Toiing  Hyson 
Ramoo  Pekoe 
Ramoo  Pekoe  Souchong 
Black  tea      .      .  . 

Average 


Black 
1-68 
1-66 

1-  93 

2-  05 
2-.S7 
2-80 
2-29 
'2-53 

2-08 
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Crreea 

Pearl  Gunpowder  .      .      .  1*61 
Moyune  Hyson     .      .      .  2-59 
Mixed  Green .      .      .      .    1  -08 
)j  2*35 


Green 

Foo  Chow  Caper  .  .  .  2-69 
Green  tea      ...       .  2-79 


Average    .  2'17% 


The  volatile  oil  is  not  present  in  fresh  tea,  hut  is  developed  in  the 
course  of  di-ying  and  roasting.  It  is  of  a  lemon  colour,  readily  solidi- 
fies, and  hecomes  resinous  on  exposm-e  to  the  air.  It  is  to  it  that  the 
aroma  is  mainly  due.  The  amount  present  in  tea  is  stated  to  be 
about  1  per  cent.,  a  statement  we  consider  to  be  open  to  much  doubt. 

The  ash  of  tea. — The  question  of  the  quantity  and  composition  of 
the  ash  of  tea  possesses  considerable  importance  in  relation  to  the  age, 
quality,  and  pm-ity  of  the  tea.  We  will  first  refer  to  the  weight  of  the 
ash  of  genuine  tea,  both  black  and  green.  To  determine  this  point  we 
have  made  numerous  observations,  a  few  of  which  we  here  introduce : — 


Genuine  Slack  Tea. 


Broken  leaf  . 
Congou  . 
Assam  broken 
Java  Souchong 
Moning  Congou 
Black  tea 


Ankoi  Congou 
Pekoe  Congou 
Assam  Souchong 
Pekoe  Souchong 
Moning  Congou 
Kaisou  Congou 


5-34 

5-  23 

6-  86 

5-  63 
C-03 

6-  03 
6-05 
5-96 

5-  63 

6-  43 
6-10 

5-  70 

6-  71 
6-46 


Scented  Orange  Pekoe 
Black  tea 


Assam  . 
Congou  . 


Black  tea 
Broken  leaf 


Eamoo  Pekoe  Souchong 


Ramoo  Pekoe 


Average 


5-78 

5-  76 

6-  10 
5-07 
5-83 
5-70 

5-  82 

6-  06 
5-50 

5-  24 

6-  72 

5.-78 


Pearl  Gunpowder  . 
Moyune  Hyson 
Hjson    .  "  . 
Green  tea 

Uncoloured  China  tea 
Oolong  . 

Kumaon  Young  Hyson 


Unfaced  Green  Tea. 


5-  86 

6-  30 

5-  24 

6-  42 
5-13 

5-  93 

6-  66 


Japan  Oolong 
Java  Young  Hyson 

"       "         »'  • 

Green  tea 


AveraffB 


5-  78 

6-  90 
5-61 

5-  40 

6-  75 


_  From  these  detei-mmations  it  appears  that  the  lowest  ash  met  with 
in  black  tea  was  6-23  and  the  highest  671  per  cent.,  and  the  mean  of 
au  ova  ;  while  in  green  teas  the  ash  ranged  from  5-13  per  cent,  to  6-42 
per  cent  the  mean  being  6-7o.  It  will  be  seen  that  a  few  of  the 
samples  furnished  ashes  exceptionally  high,  and  it  is  quite  possible  that 
in  these  cases  a  little  extraneous  matter  may  have  found  its  way  into 
the  teas,  but  we  have  thought  it  best  not  to  exclude  them  from  the 
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tables.  Perhaps,  after  all,  a  more  certain  datum  of  the  genuineness  of 
the  tea  than  the  ash  would  be  the  amount  of  extraneous  silica  which 
it  contains. 

It  is  of  consequence  to  notice  that  the  ashes  of  genuine  and  pure 
teas  are  entirely  non-magnetic.  It  will  be  seen  from  the  following 
tables  that  the  quantities  of  iron  and  extraneous  silica  in  genuine  black 
and  green  teas  vary  considerably,  the  average  of  the  iron  being  0'12  and 
of  the  silica  0*51  in  the  black,  while  in  the  green  teas  the  averages  are 
0*16  and  0'41.  In  the  faced  green  teas  it  is  curious  to  observe  that 
the  average  percentage  of  iron  is  so  little  increased,  but  the  amount  of 
silica  is  augmented  to  the  extent  of  one-third. 


Genuine  Black  Teas. 


Name. 

Ash. 

Silica. 

Iron. 

Black  

5-82 

0-33 

0-17 

Broken  leaf 

6-06 

0-28 

0-14 

)»       ij         '      •  • 

5-50 

0-18 

0-12 

Eamoo  Pekoe  Souchong 

5-24 

0-59 

0-09 

Ramoo  Ppkoe 

5-72 

0-67 

0-12 

Eamoo  broken  Orange  Pekoe 

5-70 

0-66 

0-08 

Ramoo  broken  leaf 

5-65 

0-74 

0-11 

Moning  Congou 

5-06 

0-74 

0-17 

Canton  Orange  Pekoe 

5-76 

0-43 

0-10 

Average 

5-61 

0-61 

0-12 

Omitting  the  four  samples  of  Ramoo  or  Indian  teas,  the  average 
percentage  of  silica  in  the  Chinese  teas  amounts  to  only  0-30  per  cent. 


Unfaced  Green  Teas. 


Name. 

Ash. 

Silica. 

Iron. 

Green  .... 

6-42 

0-37 

0-21 

Uncoloured  China 

6-13 

0-14 

0-11 

Oolong  .... 

6-93 

0-77 

0-24 

Kumaon  Young  Hyson 

6-66 

0-36 

0-10 

Japan  Oolong 

5-78 

Java  Young  Hyson  . 

5-90 

Ditto  

6-61 

Green  .... 

5-40 

_ 

6-73 

0-41 

016 

It  will  thus  be  seen  that  the  ash  of  uncolom-ed  green  teas  corre- 
nds  closely  in  weight  and  in  the  amount  of  iron  present  with  that 
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of  genuine  black  tea.  If  tlie  Oolong  be  omitted,  the  iron  and  extra- 
neous silica  ai-e  rather  less  than  in  black  tea. 

It  appears  from  the  anatyses  of  Zoller,  reported  in  'Liebig'a 
Annalen, '  that  the  age  of  tea-leaves  may  be  determined  from  the 
analysis  of  the  ash — a  fact  of  much  interest  and  of  considerable  value. 
Thus  young-  leaves,  of  which  the  best  teas  consist,  contain  much  larger 
amoimts  of  potash  and  phosphoric  acid  than  the  older  leaves,  which 
ai-e  comparatively  deficient  therein,  while  they  become  richer  with  age 
in  lime  and  silica. 

Much  potash  and  phosphoric  acid,  with  little  lime  and  silica, 
indicate,  therefore,  good  tea ;  the  reverse  bad  tea.  The  >ish  of  a  sample 
of  young  tea  grown  in  the  Himalayas  amounted  to  5-63  grains  per  cent., 
and  it  contained  in  100  parts  39-22  of  potash,  4-24  of  lime,  4-38  of 
oxide  of  iron,  4*35  of  silica,  and  14-56  of  phosphoric  acid.  From  the 
same  sample  of  tea  4-94  per  cent,  of  theine  were  obtained,  and  13-7  of 
proteine  compoimds. 

The  following  table  of  the  analysis  of  the  tea  ash  is  from  '  Watts's 
Dictionary :' — 


Soda 
Potash  . 
Magnesia 
Lime 

Oxide  of  iron 
Oxide  of  mantfanese 
Phosphoric  acid 
Sulphuric  acid 
Silicic  a';id 
Carbonic  acid 

Chloride  of  sodium 


■A  3 


2.5-46 
3-70 
9-59 

11-36 
8-4-2 


Ash  per  cent  of  dry 
substance  . 


12-62 
10-14 
16-04 


bo. 


1-70 

44. 9G 
8-41 
8-77 
6-80 


11-46 
6-96 
8-79 


2-40 


99-73 
5-48 


2-15 


40-00 
12-38 

6-  17 

7-  68 
7-18 


8-26 
8-27 
7-81 


2-25 


100-00 
6-11 


100-00  100-00 
5-14  6-94 


W  .  g 

bog  Sj 


9-26 
33-96 
6-79 
8-17 
4-76 


16-64 
4-89 
10-89 


4-66 


12-88 
28-38 

8-39 
19-31 


1-1 


17-44 

4-  76 

5-  59 


3-25 


100-00 
4-73 


5-  03 
47-46 

6-  84 

1-  21 
3-29 
0-71 
9-88 
8-72 

2-  31 
10-09 

3-  62 


g  -t^  ;o 

w 


99-18 
19-69 


0-  65 
39-22 

6-47 
4-24 
4-38 

1-  03 
14-65 
trace 

4-35 
24-30 
0-81 

chlorine 


P. 

m 


0-  69 
7-34 

11-45 
10-76 
9-63 

1-  97 
25-41 
trace 

7-57 
25-28 

trace 


100-00 


100-00 


^^f /viTci  ^f,  .'^«°ttat  Lehmann  gives  manganese  as  a  constituent 
«of  the  ash  ;  this  like  iron,  is  of  constant  occurrence.  Fleitman,  in 
,an  infusion  of  70  gi-ammes  of  Pekoe  tea,  is  stated  to  have  met  with 

;::irn%"xce?slr""^^'"^^^^^^^  ^^^^^^  ^--^^^^^ 
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THE  PROPERTIES  OF  TEA. 

Tea  owes  its  properties  mainly  to  the  tannin,  the  theine,  and  the 
volatile  oil.  The  first  gives  it  astringency ;  the  second  stimulates  both 
the  vascular  and  nervous  systems,  and  subsequently  produces  narcotic 
effects ;  while  the  third  not  only  acts  as  a  stunulant,  but  imparts  the 
aroma,  which  is  so  characteristic  of  good  tea  and  which  is  so  grateful 
to  many.  Tea  exerts  its  power  chiefly  on  the  nervous  system.  It 
excites  the  activity  of  the  brain  and  stimulates  the  flow  of  thought ; 
but  in  excess  produces  sleeplessness,  anxiety,  trembling,  and  sometimes 
even  spasm.  It  increases  a  little  the  action  of  the  heart,  and  also  the 
insensible  perspiration.  The  pulmonary  carbonic  acid  is  also,  according 
•to  E.  Smith,  increased,  but  the  question  as  to  whether  the  urea  is 
augmented  or  diminished  appears  as  yet  undecided.  The  common 
belief  is  that  it  is  decreased.  Liebig  and  Lehmannboth  found  it  to  be 
increased,  but  Boker,  on  the  other  hand,  states  that  it  is  diminished. 

Pereira,  in  his  'Materia  Medica,'  remarks:  'Another  quality  pos- 
sessed especially  by  green  tea  is  that  of  diminishing^  the  tendency  to 
sleep.  Tea  appears  to  possess  a  sedative  influence  with  regard  to  the 
vascular  system.  Sti-ong  green  tea  taken  in  large  quantities  is  capable 
in  some  constitutions  of  producing  most  distressing  feelings,  and  of 
operating  as  a  narcotic. ' 

Professor  Johnston  writes:  'It  exhilarates  without  sensibly  in- 
toxicating. It  excites  the  brain  to  increased  activity,  and  produces 
wakefulness.  Hence  its  usefulness  to  hard  students ;  to  those  who  have 
vigils  to  keep,  and  to  persons  who  have  to  labom-  much  with  the  head. 
It'soothes,  on  the  contrary,  and  stills  the  vascular  system,  and  hence 
its  use  in  inflammatoiy  diseases  and  as  a  cure  for  headache.  Green  tea 
when  taken  strong  acts  very  powerfully  upon  some  constitutions,  pro- 
ducing .nervous  tremblings  and  other  d'isti-essing  symptoms,  acting^  as  a 
narcotic,  and  in  inferior  animals  even  producing  paralysis.  Its  exciting 
effect  upon  the  nerves  makes  it  useful  in  counteracting  the  eflects  of 
opium  and  of  fermented  liquors,  and  the  stupor  sometimes  induced  by 

With  reference  to  the  action  of  the  volatile  oil  Prof.  Johnston 
observes :  '  That  it  does  exert  a  powerful,  and  most  likely  a  narcotic, 
influence  is  rendered  probable  by  many  known  facts.  Among  them  I 
mention  the  headaches  and  giddiness  to  which  tea-tastera  are  subject ; 
the  attacks  of  paralysis  to  which  after  a  few  years  those  who  are 
employed  in  packing'and  unpacldng  chests  of  tea  are  found  to  be  liable, 
and  the  cu-cumstance  alreadv  alluded  to,  that  in  China  tea  is  rarely 
used  till  it  is  a  year  old,  because  of  the  peculiar  intoxicatmg  property 
which  new  tea  possesses.  The  effect  of  this  keeping  upon  tea  must  be 
chiefly  to  allow  a  portion  of  the  voktile  ingredients  of  the  leaf  to 
escape.  And,  kstly,  tliat  there  is  a  powerful  virtue  in  this  oil  is  ren- 
dered probable  by  the  fact  that  the  similar  oil  of  coffee  has  been  found 
by  experiment  to  possess  narcotic  properties.' 
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The  operation  of  the  second  active  constituent  of  tea,  Theine,  has 
been  determined  by  experiment.  In  the  quantity  in  which  it  is  daily 
consumed  by  most  tea-drinkers — that  is  to  say,  some  fom-  or  five  grains, 
ordinarily  present  in  about  half  an  ounce  of  good  tea — it  has  been  found 
to  diminish  the  waste  of  tissue,  the  necessity  for  food  to  repair  the 
waste  being  lessened  in  an  equal  proportion ;  one  of  the  effects  of  tea  is 
therefore  to  save  food. 

If  an  oimce  of  tea  of  good  quality  be  daily  partaken  of,  which 
would  contain  from  8  to  10  grains  of  theine,  the  pulse  is  rendered 
more  frequent,  the  action  of  the  heart  stronger,  trembling  ensues,  and 
there  is  a  perpetual  inclination  to  micturition.  '  At  the  same  time 
the  imagination  is  excited,  and  after  awhile  the  thoughts  wander, 
visions  begin  to  be  seen,  and  a  peculiar  state  of  intoxication  comes  on. 
All  these  symptoms  are  followed  by  and  pass  off  in  deep  sleep.' 

It  is  evident,  therefore,  that  the  effects  of  strong  tea  are  atti'ibutable, 
in  a  gi-eat  measure,  to  the  theine  therein  contained. 

The  thii'd  active  principle  of  tea,  the  tannin  or  tannic  acid,  causes 
the  infusion  to  exert  a  slightly  constipating  effect  upon  the  bowels. 

A  fourth  not  unimpoi-tant  constituent  of  the  tea-leaf  is  gluten, 
which  sometimes  forms  no  less  than  one-fourth  of  the  weight  of  the 
dried  leaf.  Zoller  found  in  a  sample  which  he  tested  13-7  per  cent,  of 
gluten,  while  we  have  obtained  from  15"5  in  black  to  24"4  in  gi-een  tea. 

As  tea  is  consumed  in  this  coimtry  the  benefit  of  the  gluten  is  in  most 
cases  lost,  since  it  is  not  dissolved  by  the  hot  water,  but  remains  in 
the  leaves,  with  which  it  is  thrown  away:  but  if  soda  be  used, 
much  of  the  gluten  is  dissolved  and  will  then  be  consumed  with  the 
infusion.  In  some  countries  the  tea-leaves  from  which  the  infusion 
has  been  made  are  themselves  eaten,  and  in  this  way  the  whole  of  the 
properties  of  the  tea  are  secured.  Amongst  the  Japanese  the  leaves 
are  ground  to  powder  and  drank  with  the  infusion.  The  more 
wealthy  Chinese  simply  infuse  the  leaves  in  a  porcelain  cup,  furnished 
with  a  cover  ;  the  leaves  for  the  most  part  sink  to  the  bottom  of  the 
cup,  but  occasionally  a  few  float  and  rise  to  the  surface.  To  prevent 
this  inconvenience  a  thin  piece  of  ailver  filagi-ee-work  is  sometimes 
placed  upon  the  leaves. 

It  appears  that  in  China,  tea  is  the  common  beverage  of  the  people. 
The  late  Sir  George  Staunton  infonns  us  'that  tea,  like  beer  in 
England,  is  sold  in  public  houses  in  every  town  and  along  public  roads, 
and  the  banks  of  rivers  and  canals  ;  nor  is  it  unusual  for  the  bm-dened 
and  weaiy  traveller  to  lay  down  his  lead,  refresh  himself  with  a  cup 
of  warm  tea,  and  then  pursue  his  journey.' 

Lo-Yu,  a  learned  Chinese,  who  lived  in  the  dynasty  of  Tang, 
A.D.  618  to  906,  gives  the  following  agreeable  account  of  the  qualities 
and  eiiects  of  the  infusion  of  the  leaves  of  the  tea-plant : — '  It  tempers 
the  spirits  and  harmonizes  the  mind ;  dispels  lassitude  and  relieves 
fatigue  ;  awakens  thought  and  prevents  drowsiness,  lightens  or  re- 
freshes the  body,  and  clears  the  perceptive  faculties.' 
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THE  ANALYSIS  OF  TEA. 

It  has  already  been  stated  tliat  the  chief  constituents  of  tea  consist 
of  chlorophylle,  giun,  glucose,  gluten,  cellulose,  tannin,  theine,  volatile 
oil  and  mineral  matter. 

For  the  purpose  of  estimating  the  soluble  constituents  of  tea,  the 
leaves  must  he  thoroughlj'^  exhausted  by  boiling  with  repeated  quan- 
tities of  distilled  vrater  until  the  infusion  is  no  longer  coloured  and 
ceases  to  yield  on  evaporation  any  solid  residue.  The  different  infu- 
sions thus  obtained  are  mixed  together  and  reduced  by  evaporation  to 
a  certain  bulk.  One  portion  is  evaporated  with  magnesia  to  drj-ness 
on  the  water  bath,  the  magnesia  being  used  to  neutralise  the  tannic 
acid  and  to  set  the  theiue  free ;  and  in  this  the  theine  is  estimated 
in  the  manner  to  be  hereafter  described. 

Another  quantity  of  the  infusion  is  mixed  with  spirits  of  wine, 
to  precipitate  the  gum,  while  a  third  quantity  is  taken  for  the  estima- 
tion of  the  tannin. 

The  insoluble  2Jortion  of  the  leaves  is  dried  and  weighed ;  the 
difference  in  the  weight  as  compared  with  the  original  quantity  taken 
gives  the  proportion  of  the  constituents  soluble  in  water. 

For  the  determination  of  the  nitrogenous  matter,  sometimes  termed 
Legimiin,  a  separate  portion  of  tea  must  be  taken,  and  a  combustion 
analysis  for  nitrogen  made,  the  amoimt  of  nitrogen  present  in  the 
theine  being  deducted  from  the  total  amount  obtained.  The  remaining 
nitrogen,  multiplied  by  6'33,  gives  the  proportion  of  nitrogenous  matter 
or  gluten. 

The  usual  soda-lime  process  does  not  fiuTiish  the  whole  amoimt  of 
niti'ogen,  since  the  theine  yields,  on  heating  with  aUcalies,  some  cyanide, 
which  of  course  would  not  be  obtained  as  anmionia.  The  oxide  of 
copper  combustion,  although  exact,  involves  a  very  great  deal  of  trouble 
and  labour.    We  give  the  following  outlines  of  the  process : — 

0"2  to  0"6  gramme  of  tea  are  mixed  intimately  with  recently 
ignited  oxide  of  copper.  A  combustion  tube,  drawn  out  in  the  usual 
way,  is  first  charged  for  the  length  of  4  inches  with  a  mlxtm-e  of 
bicarbonate  of  soda  and  of  bichromate  of  potash,  then  with  a  few 
inches  of  pm-e  oxide  of  copper,  then  with  the  mixtm-e  containing-  the 
tea,  then  with  another  layer  of  pure  oxide  of  copper,  and  lastly  -with 
a  spiral  of  metallic  copper.  The  air  contained  in  the  tube  is  first 
driven  out  by  heating  the  layer  of  bicarbonate  of  soda,  and  thus  gene- 
rating carbonic  acid.  The  gases  produced  by  the  combustion  of  the 
tea-mixture  are  collected  over  mercury,  freed  from  carbonic  acid  by 
means  of  caustic-potash  solution,  and  the  nitrogen  is  measured,  atten- 
tion of  course  being  paid  to  the  temperature,  pressure  of  the  air,  and 
the  moisture  of  the  gas ;  for  all  of  which  circumstances  tables  have 
been  specially  prepared. 

For  the  estimation  of  the  water  and  the  ash  a  separate  portion 
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must  be  taken  ;  the  tea  should  be  dried  on  a  water  bath ;  the  loss  re- 
presents the  water ;  the  residue  is  incinerated  and  the  ash  weighed. 

For  the  estimation  of  the  volatile  oil  a  considerable  quantity  of  tea 
raust  be  operated  upon.  This  must  be  distilled  with  water  and  the 
distillate  received  into  a  cool  receiver  ;  the  oil  should  be  found  floating 
on  the  surface  of  the  water.  We  may  state,  however,  that,  in  certain 
attempts  we  have  made,  we  have  failed  to  obtain  any  weighable 
amount  of  the  oil ;  the  distillate  had  the  odour  of  tea,  but  no  oil 
di'ops  were  visible.  Such  is  a  brief  outline  of  the  processes  to  be  adopted 
in  the  analysis  of  tea.  The  estimation  of  the  sugar  and  chlorophylle 
are  exceedingly  difficult,  the  tannin  decomposing  into  sugar  and  gallic 
acid,  and  hence  reducing  the  copper  solution  in  the  same  manner  as 
sugar.  They  are  seldom  if  ever  required,  and  therefore  it  is  unneces- 
saiy  to  give  any  details  respecting  their  determination. 

To  resimie.  For  the  infusion  from  which  the  theine,  gum  and 
tannin  are  to  be  estimated  take  five  grammes  of  tea ;  for  the  combustion 
half  a  gi-amme,  and  for  the  estimation  of  water  and  ash  three  grammes. 

Of  the  infusion  of  the  five  grammes  reduced  to  a  bulk  of  500  cc, 

■  300  cc.  are  used  for  the  estimation  of  the  theine,  100  cc.  for  thegum,  and 
the  last  100  cc.  for  the  tannin. 

The  estimation  of  the  Theine. — The  theine  may  be  conveniently 
;  and  simply  estimated  by  Mulder's  process,  which  is  thus  caiTied  out : 
The  300  cc.  of  the  solution  are  to  be  evaporated,  with  the  addition 
of  some  magnesia,  to  dryness ;  the  residue  is  then  finely  powdered  and 
1  transfen-ed  to  a  flask,  capable  of  holding  about  200  cc. ;  30  cc.  of  ether 
:  are  poured  over  it,  and  allowed  to  digest  for  two  days,  with  occasional 
-•shalang.  The  ether  is  then  heated  to  boiling  and  pom-ed  into  a  small 
'Weighed  flask.^  The  residue  is  heated  two  or  thi-ee  times  with  suc- 
i  cessive  quantities  of  ether,  until  this  on  evaporation  ceases  to  fiu-nish 
^auy  cry-stalline  deposit  of  theine.  These  several  quantities  are  added 
tto  the  first  quantity  of  ether  employed,  and  the  whole  is  evaporated 
(on  the  water-bath  to  dryness.  The  theine  is  left  in  a  crystalline 
ccondition,  and  is  then  weighed  together  with  the  fiask. 
^TVT        difficulty  of  the  solubility  of  theine  in  ether  has  suggested  to 

■  Mr.  Otto  Hehner  a  modification  .of  this  process.  In  this  absolute 
:ialcohol  IS  used  as  a  solvent,  theine  being  much  more  soluble  in  this 
rmenstmum.  The  alcohol  by  boiling  extracts  not  only  all  the  theine,  but 
aa  smaU  quantity  of  other  substances  which  are  to  be  thus  removed.  The 
mlcoholic  solution  is  evaporated  on  the  water  bath  to  a  few  di-ops  and 
.ether  IS  added  ;  this  precipitates  the  foreign  substances,  but  does  not 
jDow  throw  down  the  theine,  since  it  is  already  in  a  state  of  solution. 

liie  ethereal  solution  is  evaporated  and  the  theine  in  the  manner 
.Idescnbed  above.    Of  course,  it  is  necessaiy  to  thoroughly  exhaust  the 
aSol  ™  treatment  with  two  or  three  successive  quantities 

Another  method,  but  one  involving  more  time  and  trouble,  is  the 
raoUowiDg,  as  proposed  by  P^ligot.   The  tea  is  exhausted  with  boiling 
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water,  and  subacetate  of  lead  is  added  in  excess  to  the  solution  to 
precipitate  the  tannin,  gum,  and  colouring  matter.  The  mixture  is 
boiled  for  some  time,  filtei-ed,  and  the  precipitate  carefully  washed  on  the 
lilter  with  boiling  water.  The  filtrate  is  freed  from  lead  by  a  current 
of  sulphuretted  hydrogen,  and  after  a  second  filtration  evaporated  at  a 
gentle  heat.  It  yields,  on  cooling,  a  crop  of  crystals  of  nearly  pure 
theine,  containing  one  molecule  of  water  of  ciystallisation  ;  an  addi- 
tional quantity  being  obtained  by  concentrating  the  mother  liquor  and 
leaving  it  to  crystallise.  The  theine  thus  obtained  is,  however,  less 
pure  than  that  separated  by  the  first  process,  and,  moreover,  a  portion 
still  remains  in  the  mother  liquor.  These  objections  may  be  obviated 
by  evaporating  the  watery  solution  to  dryness  and  boiling  with  a 
sufficient  quantity  of  ether.  But  this,  of  course,  adds  much  to  the 
time  and  trouble  involved. 

Stenhouse  has  recommended  for  the  estimation  of  theine  the  pro- 
cess of  sublimation,  this  alkaloid  being  volatile.  The  dried  and 
powdered  extract  is  subjected  to  heat,  and  the  theine  becomes  deposited 
in  a  paper  cone  placed  over  it ;  we  believe,  however,  that  it  is  not 
possible  to  obtain  the  whole  of  the  theine  present  by  this  procedure. 

Estimation  of  Tannin. — The  tannin  may  be  estimated  by  one  or 
other  of  the  following  processes.  It  may  be  precipitated  by  means 
of  a  titrated  solution  of  gelatine  and  alum,  as  recommended  by 
Miiller,  from  the  aqueous  solution  of  the  tea  evaporated  to  a  certain 
standard.  One  cc.  of  the  gelatine  solution  should  correspond  to  0-01 
gramme  of  tannin.  Or  the  quantity  of  tannin  may  be  determined  by 
the  weight  of  the  precipitate,  100  parts  of  which  contain  40  parts  of 
tannin.    Neither  of  these  processes  fiu-nishes  very  exact  results. 

Mr.  AUen  recently  proposed  in  the  Chemical  News  a  method  for  the 
estimation  of  tannin  in  tea  by  means  of  a  solution  of  acetate  of  lead, 
using  as  indicator  an  ammoniacal  solution  of  fen-icyanide  of  potassium. 
Five  grammes  of  acetate  of  lead  are  dissolved  in  1  litre  of  water,  and 
the  exact  strength  of  the  solution  is  determined  by  means  of  a  standard 
solution  of  tannin.    Two  grammes  of  tea  are  exhausted  with  boiling 
water,  and  the  infusion  is  made  up  to  250  cc.    Ten  cc.  of  the  standard 
lead  solution  are  measured  into  a  beaker,  and  diluted  with  90  cc.  of 
water.  The  tea  infusion  is  added  from  a  burette  a-s  long  as  any  precipi- 
tate is  thrown  down  ;  a  small  portion  is  filtered  and  tested  with  a  drop 
of  a  weak  ammoniacal  ferricyanide  solution.    A  red  coloration  indi- 
cates that  all  the  lead  is  precipitated,  and  that  tannin  is  in  solution. 
From  the  volume  of  lead  solution  used  the  quantity  of  tannin  is 
calculated. 

Another  method,  which  has  the  advantage  of  being  easy  and 
quick  of  execution  if  a  great  number  of  estimations  are  to  be  made, 
has  been  proposed  by  Lowenthal,  We  give  it  in  its  modified  and 
improved  form  as  described  by  Neubauer,  '  Zeitschrift  fiir  Analytischs 
Ohemie,'  X.  It  is  based  upon' the  fact  that  tannic  acid  is  destroyed  by 
the  action  of  a  solution  of  permanganate  of  potash,  a  solution  of  indigo 
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teiag  at  tlie  same  time  employed  to  indicate  by  its  decolorisation  the 
oxidation  of  the  last  ti-ace  of  tannic  acid. 

metS  ^"-'^       solutions  required  for  the  execution  of  the 

1.  A  Solution  of  Sulphate  of  Indigo.  30  grammes  of  pure  sulphate 
of  indigo  are  dissolved  m  distilled  water,  tbe  solution  is  fUtered,  and 
diluted  to  1  litre.  This  solution  decomposes  very  easily  by  the  action 
of  a  peculiar  fungus  ;  it  is  best  therefore  to  heat  the  solution  in  closed 
bottles  m  the  water-bath  to  about  70°  0,  by  which  operation  the  germs 
oi  the  fimgus  are  destroyed  and  the  liquid  keeps  an  indefinite  period 

Ldi^o-i-ed      ^^"^       ""^'^  P'""'"'  ^""^  ""''S'^*  ''''''^''^ 

2.  A  Solution  of  Piu-e  Tannic  Acid.  Two  grammes  of  tannin  of  the 
purest  description  dried  at  100°  0.,  are  dissolved  in  1  Uti-e  of  watei 
The  tanmn  must  be  perfectly  white,  and  if  possible  chemicaUy  piSe' 
In  It  cannot  be  obtamed  m  a  state  of  purity,  the  foUowing  method  wili 

be  foimd  to  be  convenient  for  the  estimation  of  its  streno^h --TW 
grammes  of  the  di-ied  substance  are  dissolved  in  250  cc.  of  water 
The  specific  gi-avitv  of  this  solution  is  estimated  at  15°  C.  bv  melns  of 

^'"^  constructed  fm-  the  solu 
taons  of  tannm  of  _  diff-erent  strength,  one  of  which  wiH  be  foimd  n 
Fresenius;  '  Quantitative  Analysis.'  From  these  tables  the  oZti  y 
of  tanmn  18  obtained.  150  cc.  of  the  solution  are  now  to  be  freed  S 
tannin  by  the  action  of  well-washed,  dried  and  powdered  skin  T^ 
specific  gravity  of  the  hquid  after  this  ti-eatment  is  then  tSn  the 
tab  es  again  consulted,  and  the  quantity  of  tamiin  correspondS-  to 
tlu  second  specific  gi-avity_  is  subtracted  from  the  amount  obWd 
from  the  fii-st  specific  gravity.  Supposing  we  find  in  the  250  cc 
Iris— t.1f^p^;1S^^^^  '—V^oje,ool^^ 

8..nate,  and  10  cc.  of  the  standard  tamiin  solution  cont^Lw^Her" 
cent,  of  tannin,  reqmre  from  9  to  10  cc.    A  solution  of  such  s  Wth^ L 

4.  Dilute  Sulphm-ic  Acid. 

The  operation  of  the  method  is  as  foUows:— 20  cc  of  thP  indiVn 
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cc.  of  the  indigo  are  then  diluted  exactly  as  before  to  |  of  a  litre ;  and, 
moreover,  10  cc.  of  the  standard  tannin  solution  are  added.  As  above 
described,  the  permanganate  solution  is  dropped  into  the  liquid 
until  the  golden  yellow  colour  appears.  From  the  iiumber  of  cc.  used, 
the  quantity  of  permanganate  reqiiired  for  the  oxidation  of  the  20  cc.  of 
indigo  solution  is  subtracted,  and  thus  the  amount  of  permanganat* 
is  obtained  which  is  necessary  for  the  oxidation  of  10  cc.  of  the  standard 
tannin  solution.  The  streng-th  of  the  permanganate  solution  is  thus 
known,  and  of  the  infusion  of  the  tea,  obtained  by  exhausting  2  grammes 
with  successive  quantities  of  hot  water,  and  bringing  the  _  solution 
up  to  500  cc. ;  50  cc.  are  titrated  with  the  addition  of  20  cc.  of  indigo  as 
above  described.  From  the  quantity  of  permanganate  solution^  used, 
the  amoimt  of  tannin  in  the  50  cc.  of  tea  infusion,  and  therefore  in  the 
2  grammes  of  tea,  is  calculated  by  a  simple  rule  of  three  sum.  ^ 

There  is  no  doubt  that  other  substances  besides  the  tanmn  are 
acted  upon  by  the  permanganate.  Neubauer,  therefore,  removes  the 
tannin  and  the  gallic  acid  from  a  measured  quantity  of  the  infusion, 
by  means  of  animal  charcoal,  and  estimates  the  number  of  cc.  of 
permanganate  required  for  the  oxidation  of  the  remaining  substances, 
which  he  subtracts  from  the  total  amount  of  permanganate  used  in  the 
first  experiment.  Thus  the  exact  quantity  of  tannin  and  gallic  acid 
is  obtained,  indicating  the  total  astriugency. 

INIr.  Estcourt  was  the  first  to  employ  Lowenthal  a  method  for  the 
estimation  of  tannin  in  tea.  He  estimates  the  total  asti-ingency  as 
above  described :  precipitates  from  another  portion  of  the  infusion  the 
tannin  by  means  of  a  solution  of  gelatine  added  slightly  in  excess ; 
filters,  and  titrates  the  gallic  acid  in  the  filtrate  with  permanganate  and 

^^^^ Estimation  of  Gum.— The  gum  maybe  estimated  from  the  aqueous 
solution  evaporated  to  the  consistency  of  a  syrup,  and  treated  with 
strono-  alcohol.  The  gum  is  dried  and  weighed,  and  afterwards  burned 
and  the  ash  deducted,  a  precaution  of  importance  and  one  usually 

neglected.  i      .  j 

Estimation  of  Cellulose— T^ro  grammes  of  the  tea  are  exhausted, 
first  with  boiling  water,  then  with  a  one  per  cent,  solution  of  soda, 
and  lastly  with  an  equally  dilute  solution  of  hydrochloric  acid.  The 
cellulose  thus  left  is  dried,  weighed,  and  afterwards  incinerated.  The 
ash,  if  any  be  found,  is  to  be  subtracted. 

Analysis  of  the  Ash— It  is  unnecessary  to  describe  m  this  place 
all  the  various  processes  requisite  for  the  fiill  analysis  of  the  ash ;  the 
detaUs,  if  given,  would  apply  to  the  analysis  of  the  ashes  of  all  other 
plants  and  the  methods  of  procedure  are  well  Imown  to  chemists.  NV  e 
shall  confine  oiu-selves,  therefore,  to  the  determination  of  the  phos- 
phoric acid,  potash,  iron,  and  exti-aneous  silica,  all  points  of  unport- 
ance  in  connection  with  the  question  of  the  quality  and  purity  of 

Estimation  of  Phosphoric  Acid.—FoT  the  estimation  of  the  phos- 
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phone  acid  3  grammes  of  tea  ai-e  incinerated,  and  the  a^li     rH.c.i    ^  • 

precipitated  v^th  a  solution  of  molySate  of ^  P^o^P^onc  acid 
pound  phosphomolybdate  of  ammCa  soonTp^tes  Z'i  ^r^^" 
gently  heating  the  Bquid.  This  precipitate  i^fiKf^  TP^'T^^I.^^ 
twelve  hours  and  dissilyed  in  anJonia  To  1^1  '^'T'^"^ 
is  added  chloride  of  magnesitu^TS'comW,  solf  ion 

acid  foi^i.g  pl,osphate%famnionfa  an^^^^^ 

by  filtration,  biu-nt  and  weio-hed     100  nniT^f  •  •  separated 

63-96  parts  of  phosphoric  aihy<£:ide  P  &  P^-ecipitate  contain 

and  the  witery  solution  fiW   T  fe  l"n«  i    •  ^^^^  ^^^r 

by  the  addition  of  some  Kme  wateJ  -"^  ^'^^^^^d 

ammonia,  carbonate  of  ^Son^  and  oSafS  "^"-^ 

excess.    After  filtration  the  iTa'uid  i.  S  f.^f"^?"]'^  are  added  in 

acid,  evaporated  to  drj^ess  and  heated  to  hydrochloric 

again  with  water,  filte^^e™!  tfa  ti^^^^^^^^^^^  • 

a  strong  solution  of  chJoridrof  platLTwh^^^^  ^"'^  Precipitate  with 

chloride  of  potassium,  forms  poLssio^S^T.  i  '•T™^^".'""  with  the 

thi-pugb  a  Weighed  W?SfanTttgS^^^^^ 

cipitate  correspond  to  19-272  parts  of  potassa  K  O  ^  P"^" 

Estimatxm  of  Silica.— estimatinTnfTf  • 
silica,  the  foUo^ng  simple  method  •  ^^"^  exti-aneous 

of  5  gi-ammes  of  te^a  is  b?i  er^Sb  s  o  j^^^^^^^^     ^."^P^^d.  The  ash 

^^^^TrlS.:!^^^  the  ii-on  in  solution, 

mixed  with  adilL  s'^luUn  o^^^^^^^^  and 
iron  to  the  ferrous  state.    The  comXHon  nf  ^   '  ^'^'^'^^^s  aU 

accui-ately  indicated  bv  the  limn-^  K?     •  reduction  is  pretty 

bichloride  of  mercmyVadded  ?o tr^^^^^  ^  mlulo^i 

chloride.  A  standard  soluS  bLCmlw        f -"^ 
added  from  a  burette  divided  into  t'nSs  of  «    "V"^  ^^^''^^^ 
Successive  drops  of  the  Yxcm\A  ^  ^^^ic  centimetre, 

placed  on  a  pJrcekin  disK  contact  wif"^  with  a  glass  rod,  and 
cyamde  of  potassium;  as  ong  as  £         ■   small  drop  of  ferri- 
a  blue  coloration  of  WS^feSctanide  S  l""""  «tate 
-  as  this  coloration  ceases  to  apS    he  TiV  '  ^« 
■  voW  of  the  bichromate  solutK  Sread  off  W  ''i  the 

tthat  1  CO.  of  it  isVbie  oi^^lg^l^::^^ ^^^^^^  strLgth 
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A  more  detailed  description  of  the  processes  above  given  wiU  be 
found  in  Fresenius'  work  ou  '  Quantitative  Ai^alysis 

foundln  the  ash  of  genuine  tea  that  the  feme  oxide  amounted  to  4  38 
of  the  ash,  while  Liehig  found  3-29  per  cent. 

rSE  ABTOTEEATION  OF  TEA. 

■Fm-nierlv  tea  was  extensively  adulterated  in  this  country,  hut  in 
Poinierly  tea  was  ^      dutv,this  practice  has  now 

'°^TCased  KdulteSio^  resorted  to  were  in  principle  similar 
?:"Si  riSitatTon  o?  those  so  ingeniously  designed  by  the  Chinese 

Chinese  maybe  described 

under  the  four  following  heads:— 
1.  "With  foreign  leaves. 
2  With  lie-tea. 

I  ^iJ^tSair^sSthe coloration, p^^^^^^ 

siuiied  m  thia  country  are  ^^^^  employed,  are  found 

all  other  adulteration.    ^^«J°^^'?^    .  ^[.^^^^  teas,  and  in  the  lower 

nr^'M  anl'^  B  "^e't:-,  in  Way  tea  and 
qualities  of  ^^^'^'^.X+fw  descnbed  hereafter,  extensively  employed 
especially  m  an  article  to  ^^^ff^'^^^^^^  des  gnated  bv  the  Chinese 
fortheadulterationo  tea  andve^^^^  ^^^.^^^^ 
themselves  '  Lie-tea.     btill,  altnougn  l 

genuine,  Y^V^-^  o^^^^^^  the  tea-plant.'  We 

taining  an  admixtme  ^^^^^^^  over  many  vears,  met  with 

have  ourselves,  m  an  e^P«^^«"f^,X?aiSies  •  the  foreign  leaves,  how- 
a  not  inconsiderable  number  of  the  bulk  of  the 

'Sxon":?itSr-n7tr^^^^^^^    the  '  Penny  Cyclo- 

?he  leaves  of  ^^-^^  fttu^^^SS^^^^  foild  in  parcels  of  bad 

the  ash,  plum,  &c. ,      tbat  au  sp  ^^^^^^  ^^^^^ 

tea  must  no^^-^  ^    adt  waslntirely  in  the  hands  of  the 
countrv.  ^fthese  adidterated  teas  were  shipped  for  this 

India  Company,  few  ot  tbese  a  •        t^^,  ^ere  kept  at  Canton 

country,  as  fP«"^°',l;r„f  3  in  the  Company's  ships;  but  «ince 
V't::^:^'^^^^^^^^^        findarea^Uet-,  and  as  the 
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demand  for  tea  exceeds  the  supply,  a  manufactured  article  is  fm-uished 
to  the  rival  crews.' 

The  teas,  therefore,  in  which  foreign  leaves  are  liable  to  be  met 
with  are  Oongou  and  Souchong,  but  especially  Twankay,  gunpowder 
capei^  and  lie-tea,  which  last  is  made  up  in  imitation  of  these  and  other 
descriptions  of  tea,  and  is  often  used  to  adulteiate  the  ordinarv  black 
teas  of  commerce. 


Fig.  23. 


FonEiGN  Leap  in  Lte-tejh, 

to  form  very  la^ge  areolae  :  cell's  fmr/^^"'  ^'^'^^ 

l«if  in  the  conrse  of  the  veins   i,  sp1Xefe^  ^  o^^^  °^ 
Of  Prussian  me  ;  n,  particles  of  t^e'S'SwLTK^^^^^ 

TTartars  consists  of'^Siefmked^th  Ti;«  1  ^"^^'^^^  «^ 
..ther  plants,  the  leU  ^^^'1,7^:^^^^^^^^ 
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Wood.  The  venation  of  these  leaves,  aa  weU  as  the  ultimate  stmctuje 
as  revealed  by  the  microscope,  differ  from  that  of  the  tea-pknt.  The 
presence  of  tte  leaves  of  Valonia  is  detected  hj  the  acicular  crystals 
observed  imder  the  microscope.  But  other_  vegetable  substances 
■besides  foreim  leaves  are  sometimes  met  with  m  adulterated  teas ;  m 
particular  Paddy  husk.  Again,  some  tea^  often  contam  an  undue  pro- 
portion  of  stalks. 

Fig.  24. 


FoHEioN  Leaf  in  Lie-tea, 

o„vf<,po  nf  Ipflf  •  6  lower  surface  ;  c,  chlorophylle  cells  ;  d,  elongftteJ 
"'c"u^   e  pition  of  one  of  the  teanched  anda'plnoushairs  situated  on  the  UBdev 
surface  of  the  leaf  ;  /,  cell  of  tu,^menc ;  g,  fragment  of  Prusstan  blue  ;  h,  par- 
ticles of  the  white  powder. 

IT  Adulteration  with  lie-tea.—We  have  abeady  adverted  to  the  fact 
that  this  article  has  received  the  name  of  '  lie-tea'  because  it  is  spurious, 
«;?for  the  most  part  not  tea  at  all.  It  consists  no  doubt  m  some  cases 
L  part  of  of  tea-leaves,  but  often  of  /or.^.  leaves  sa^^ 

!J,i.rand  magnetic  oxide  o/tVon-all  these  being  made  up  with  great 
Irl  iurStv  by  means  of  a  solution  of  starch,  into  little  masses 
:^\rL  ??rTS&es  in  imitation  of  different  Wnds  of  tea  These 
masses'if  intended  for  the  adulteration  of  ordmary  black  tea,  as  Congou, , 
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A  t      Camellia.  Sasakqua,  foimd  in  Sample  of  Twankay. 

^,  upper  surface  of  leaf,  showing  the  cells  of  which  it  is  composed  :  S  under 
surface,  exhibiting  its  cells  and  stomata ;  C,  chlorophylle  cells. 

Pig.  26. 


Leav  op  Plum,  found  in  sample  of  Ticankav 
A,  upper  surface  of  leaf;  £,  under  suXe  ;  cSoro' 
*  I  2 


chlorophylle  cells. 


.  .J 
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■being  unfaced,  tut  if  designed  to  imitate  caper  or  Shulan  tea,  being 
coated  with  plumbago  or  black  lead,  and  if  gunpowder,  with  Prussian 
blue,  tm-meric,  China  clay,  or  other  white  mineral  powder. 

The  cleverness  exhibited  in  the  manufacture  of  the  different  kinds 
of  lie-tea  is  something  really  siu-prising,  and  so  close  is  the  imitation  in 
many  cases  that  much  practice  and  skill  are  required  for  its  detection. 
The  better  descriptions  of  lie-tea  consist  of  the  dust  of  tea  only,  made 


up  into  little  masses,  or  of  this  dust  mixed  with  that  of  foreign  leaves ; 
but  the  o-reat  bulk  of  the  lie-tea  encountered  is  compoimded  of  tea- 
dast  with  sometimes  the  dust  of  foreign  leaves  aud  large  quantities  of 
mineral  matter,  of  which  stlex  and  magnetic  oxide  of  iron  form  a 
considerable  proportion,  the  masses  or  pellets  being  artificially  coloured 
or  coated  with  the  substances  which  have  been  already  enumerated. 
The  following  analyses,  selected  from  many  others,  which  we  have 
made  from  time  to  time,  will  serve  to  show  the  amount  of  mineral 
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asthequantities  found  inafew 


Percentage  op  Mineral  Matter  in 

lilE-TEA. 


Black  tea. 


Orange  I 
Pekoe  j" 
Capers 


28-18 

31-40 

25-  91 
33-43 
ft2-92 
23-34 
17-70 
49-76 
13-05 
36-46 
27-20 

26-  38 

23-  83 
45-70 
15-35 
15-28 

24-  89 
17-61 
23-98 

Mixed  teas  26-84 
40-86 
22-11 
20-30 


Green  tea. 


Gunpowder  14-87 

23-  82 
13-13 
19-76 
35-92 

28-  43 

24-  63 
46-01 
39-97 
30-34 
34-66 

29-  30 
32-61 
42-06 
46-62 

Mixed  teas  66-34 
„      „  19-50 
„  16-03 


Percentage  op  Lie-tea  met 
WITH  IN  Tea. 


Black  tea. 


Green  tea. 


Mixed  teas  13-0 

»      »  17-7 
M      „  13-4 
„  6-0 
Orange  Pekoe  7-98 
The  percentages 
of  lie-tea  in  the 
capers  were  not 
determined. 


Mixed  teas  23-8 

»  „  12-0 
„  9-3 
Gunpowder  1-38 

13-  68 
»  6-68 

36-67 
„  37-69 
48-46 
28-95 
»  39-42 

14-  21 
35-23 

>,  20-06 
38-31 
11-47 
>.  37-30 
>,  26-12 
22-98 


Lond^nl?"^!?^";!?  ^  P  <r  ^«^d  >efo^e  the  Chemical  Society  of 

of  modem  origm  ;  and  I  undei-stand  that  attempts  have  been  made  to 
fs  tet-aTlf  JJ- ^"^*r^     -amxfaW  goods,  Tnd  no? 

ttsisrt  is^fiirT?  ^^^^^  \av7rhuy  ?h\m 

them  is  to  be  found  ds/wW^  T^^^^^ 

Bell  them  LeptTLs  3^ hnv.     '  "^^T"''     ^P^"^^^'  not 

teas;  and  if  the^  ^  mkefwU  ntT^^^^^^ 

Chinese  merchan^^gives  T  ceztiWp  1.-'  *?if  "^''^^^^^ 

present  with  the  gemdne  leaf  n  f  T       proportion  of  lie-tea 

intly  practised  g  ™  tt  p  Je  of^he  EnS  '"^ 

ease  of  the  above  samples,  ^^1:^"^:  Xr^if^..^  t 
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Flower  Caper,  tlie  green  Lie  Gunpoxode):  The  average  value  is  from 
eightpence  to  a  shilling  per  pound.  The  brokers  have  adopted  the 
curious  terms  gum  and  dust  as  applied  to  these  lie-teas  or  their  mixtures,' 
a  cognomen  which  at  first  I  had  some  difficulty  in  understanding,  from 
the  rapid  manner  in  which  the  first  two  words  were  run  together.' 


Rg.  28. 


Imitation  Caper  or  Guxpowdkk. 

a  a,  fragments  of  the  tea-leaf  or  tea-dust ;  b  b,  particles  of  sand ;  e  e,  starch 
corpuscles;  dd,  grouvsof  granules  of  >>'"<:'^-''"j!  f 

substance ;  f  f,  cells  of  turmeric ;  g  g,  fragments  of  tndtgo.  Magnified  360 
diameters. 


III.  Adulteration  ivith  mineral  maUer.—Vv'e  have  already  ad- 
verted to  the  fact  that  mineral  matter,  chiefly  sand,  quartz,  and  magnetxc 
oxide  of  iron,  enter  largely  into  the  composition  of  lie-tea ;  but  the  latter 
mineral  is  not  unfrequently  found  in  tea  independently  of  he-tea,  while, 
lastly  Chin^  clay,  soapstone,  Prussian  blue,  and  other  mineral  subdances, 
are  extensively  employed  in  the  artificial  coloration  or  pamting  of  teas, 
hoth  black  and  green.  The  following  table  shows  the  quantities  of 
mineral  matter  we  have  met  with  in  adulterated  teas,  both  black  and 
green : — 
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Quantities  of  Mineral  Mattel-  in  Adulterated  Teas. 


Black  tea,  chiefly  Caper. 
Caper  teas 


Siftings 
Mixed  teas 


14-94 

17-  27 

18-  97 

19-  32 
24-94 

14-  33 

15-  33 

18-  00 
8-77 

17-89 

20-  08 

16-  11 

15-  48 
11-59 

8-  32 

9-  84 

19-  95 

11-  69 

16-  61 
15-32 

12-  54 
10-51 
10-77 

9-61 


Q-reen  tea,  chiefly 
Gunpowder 


Mixed  teas 


Gunpowder. 

.  8-49 

.  13-68 

.  20-52 

.  25-66 

.  23-69 

.  18-49 

.  17-56 

.  19-03 

.  33-49 

.  22-26 

.  26-12 

.  11-79 

.  24-47 

.  20-28 

.  18-10 

.  15-20 

.  18-00 

.  8-32 

.  21-83 

.  12-95 

.  13-a» 


Almost  invariably  in  those  cases  in  whicli  sand  and  quartz  are  met 
with,  magnetic  oxide  of  iron  is  also  found.  This  association  is  so 
coiistant  aa  to  render  it  certain  that  the  mixtm-e  either  occm-s  naturaUv 
or  IS  speciaUy  prepared,  and  in  either  case  is  employed  in  the  adultera- 
tion oi  tea.  The  following  table  exhibits  the  quantities  of  magnetic 
oxide  ol  u-on  actually  extracted  from  various  samples  of  adulterated 


Quantities  of  Magnetic  Oxide  of  Iron  extracted  by  the  Magnet. 


Black  tea 


7» 

Siftings , 


Black  teas. 


0-69 
0-36 

0-  48 

1-  46 
8-88 


Gunpowder 


Green  teas. 


Green  tea 


1-  98 
5-57 

2-  94 
8-76 

1-  94 

2-  85 
1-92 

3-  17 
1-13 
1-30 
0-79 

0-  10 

1-  OI 


A  few  months  back  it  was  a  very  common  thing  to  read  nara- 
,  graphs  in  the  papers  containing  the  statement  that  cl-tL  teas  had 
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"been  met  with  wliicli  were  ascertained  on  analysis  to  he  adulterated  with 
iron  filings.  In  some  instances  these  statements  rested  on  the  authority 
of  chemists  of  high  repute.  A  closer  examination  of  the  maprnetic 
particles  so  frequently  found  in  adulterated  teas  has  revealed  the  fact 
that  they  really  consist  of  the  magnetic  oxide  of  iron.  Mr.  Alfred 
Bird  was,  we  believe,  one  of  the  first  to  point  out  this  fact,  hut 
Mr.  P.  L.  Symonds  about  the  same  time  affirmed  that  the  article  used 
bv  the' Chinese  consisted  of  titaniferous  iron  sand.  Mr.  Bird,  however, 
promulo-ated  the  opinion  that  this  iron  was  derived  from  the  soil, 
and  found  its  way  into  the  tea  from  the  dust  on  the  leaves. 
'When  the  large  quantity  of  iron  present  in  many  teas,  and  especially 
when  the  proportion  of  the  iron  to  the  sand  and  other  mineral  con- 
stituents, is  taken  into  consideration,  it  becomes  obvious  that  this 
opinion  cannot  for  a  moment  be  sustained. 

The  principal  proofs  that  the  pai-ticles  in  question  do  not  consist  of 
iron  filings  are  the  following : —  _ 

First,  That  when  examined  with  the  microscope  they  have  not  the 
torn  and  jagged  appearance  characteristic  of  iron  filings,  but  exhibit  a 
crj'stalline  structm-e,  in  which  the  octahedral  form  is  frequently  to  be 

discerned.  ,  „  i  .  •  * 

Second,  That  they  do  not  reduce  the  copper  from  a  solution  ot 

the  sulphate  of  that  metal. 

Third,  That  they  dissolve  without  effervescence,  and  the  evolution 
of  hvdrogen  in  hydrochloric  acid. 

And  lastly,  That  they  are  distinctlv  polaric— that  is  to  say,  the  one 
extremity  of  them  is  attracted  and  the  other  one  repelled  by  the  same 
pole  of  the  magnet,  whereas  iron  filmgs  are  uniformly  attracted. 

It  should  iDe  remembered,  however,  that  iron  filings  when  burned 
become  themselves  converted  on  the  sm-face  into  magnetic  oxide 

™on  filino-s  in  tea,  burnt  iron  filings,  and  magnetic  oxide  are  all 
acted  upon  by  the  tannic  acid  of  the  tea,  tannate  of  iron  being_  formed, 
which  when  burnt  yields  much  ferric  as  well  as  some  magnetic  oxide 
The  action  of  the  tannin  is  the  most  energetic  on  the  iron  filings,  but 
its  solution  produces  a  dark  fluid  with  the  magnetic  oxide  only. 
Again,  a  portion  of  the  magnetic  pai-ticles  may  during  the  incineration 
of  the  tea  be  converted  into  the  feme  oxide.      _       ,  r, 

We  will  in  the  next  place  consider  the  question  whether  the  pre- 
sence of  this  magnetic  iron  and  sand  foimd  in  the  teas  here  reported 
upon  is  attributable  to  accident  merely.  _  .     .  • 

1  We  find  that  magnetic  ii-on  is  never  present  m  genuine  tea— in 
tea  which  yields  the  normal  proportion  of  ash,  no  matter  how  low  its 
Quality  is,  and  how  cheap  it  may  be.  We  have  examined  many  teas 
■^th  a  view  to  discover  such  magnetic  particles,  and  m  no  mstance 
have  we  ever  met  with  a  single  such  particle.  2.  The  cases  in  ^vhich 
-hey  have  been  found  have  all  been  those  m  which  there  has  been  an 
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excess  of  mineral  matter,  and  wldch  has  always  consisted  of  silica  in 
the  several  forms  of  sand,  particles  of  quartz,  and  stone.    3.  In  most 
ot  the  samples  met  with  the  quantity  of  magnetic  iron  has  been  suf- 
faciently  gi-eat  to  render  the  tea  itself  magnetic,  a  result  which  cannot 
be  due  to  an  accidental  admixture.    4.  That  it  is  not  derived  from  the 
admixture  of  soil  containing  silica  and  mag-netic  iron  is  shown  by  the 
tact,  that  m  nearly  all  cases,  after  deducting  the  ash  proper  to  tea  the 
sihca  and  iron  found  made  up  the  entire  weight  of  the  ash.  Now  had 
these  constituents  been  derived  from  a  soil,  there  would  not  have  been 
this  con;espondence,  because  a  soil,  to  be  fruitful,  must  consist  of  many 
other  things  besides  iron  and  silica ;  as  alumina,  lime,  magnesia,  soda, 
potash,  phosphoric  and  sulphuric  acids,  and  chlorine,  &c.   5.  Aeain 
the  quantity  of  iron  found  in  some  of  the  teas  is  so  considerable,  that 
if  calculated  into  100  parts  of  soil,  the  soil  would  be  found  to  contain 
so  much  iron  that  it  woiUd  be  worth  smelting  ;  this  would  be  the  case 
particularly  with  those  ashes  referred  to  in  the  above  table,  which  fur- 
nish respectavely  32, 19,  and  24  per  cent,  of  iron,  corresponding  to  44-6, 
26  5,  and  33-4  per  cent,  of  magnetic  oxide.  But,  again,  the  irSn  found 

Jn^lf    f  ^^^^^^^^  ^''^  ^«  fe^^-ic  oxide  and 

sdicate  of  iron  6.  A  gi-eat  portion  of  the  silica  and  iron  found  pro- 
ceeded from  the  he-tea  present  in  neariy  aU  the  samples,  and  into 
which  these  substances  were,  beyond  all  doubt  and  question  pm-poselv 
mti-oduced.  We  conclude  therefore  that  the  iron  and  silica  qSartz  an  J 
sand,  have  been  specially  added.  To  say  that  they  have  'Se  theiJ 
way  into  the  tea  through  the  dust  on  the  leaves  and  thi-ougTcarele's- 
ness  of  prepai-ation,  is  to  tax  greatly  oiu-  powers  of  credulity;  besides 
as  we  have  alreadyremarked,  this  view  is  sufficiently  disproved  by  the 
large  quantities  of  sand  and  iron,  often  30,  40,  and  even  oyer  50  per 

Xe  attd!'^  '^-^^^^        "^^^^  -P-  ---d 

We  wiU  again  remind  the  reader  that  genuine  tea  yields  an  ash 
which  rarely,  il  ever,  exceeds  6  per  cent.;  thit  the  iron  irthis  seldom 
exceeds  -15  per  cent.,  and  is  often  under  that  amount-  and  that  th^ 
extmneous  and  accidental  silica  which  we  have  met  S  in  ^enmne  teas 
e  en  m  those  of  the  poorest  quality  and  lowest  price,  selclorexS 

^  nKo  I:  s  7^:^'  "^^^^  -^^^  ^0  :jSut 

i  W  p<^or  their  qUty  rd^CTolVeL'pTce'  ^"'^  "^"^^ 

t  than  Vse  per  cenTl,?h.on''N°'  °'  ^^"^^^^ 

m  o  00  per  cent,  ot  uon.   Now,  since  tea  contains  a  large  quantity 
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of  tannic  acid,  we  have  thus  brought  together  the  two  chief  consti- 
tuents which  enter  into  the  composition  of  ink ;  and,  by  appropriate 
treatment,  a  bottleful  of  ink  was  manufactured  from  the  tea  in  ques- 
tion, with  which  this  report  was  partly  written.    Now,  what  ha* 
thus  been  accomplished  in  the  laboratory,  it  is  not  improbable  may 
really,  in  some  cases,  take  place  in  the  human  stomach  into  which 
ferruginous  tea  has  been  received.    From  these  considerations  the 
object  of  the  Chinese  in  adding  iron  to  tea  becomes  apparent ;  the  iron 
is  slowly  dissolved  by  the  acid  of  the  tea,  a  tannate  of  iron  is  formed, 
and  the  colom-  of  the  infusion  made  with  such  tea  thus  becomes 
darkened,  and  it  is  to  bring  about  this  darkening  effect  that  the  iron  is 
in  most  cases  added.  The  iron  would  also  have  the  effect  of  increasing 
the  astringency  of  the  tea,  and  of  rendering  it  more  stimulating.  The 
effect  of  tannin  on  bright  iron  filings  is  very  great,  especially  if  the 
action  be  aided  by  heat.  But  the  same  darkening  of  colour  takes  place 
very  markedly,  though  to  a  less  degi-ee,  when  tannic  acid  and  magnetic 
oxide  of  iron  are  brought  together,  as  in  tea.    It  has  been  ab^ady 
stated  that  lie-tea  especially  fiu-nishes  much  iron,  partly  magnetic. 
Now,  since  the  mineral  matter  in  this  so-called  tea  often  amounts  to 
60  per  cent.,  it  is  just  in  such  a  compound  that  the  iron  is  especially 
required,  the  tea-leaves  themselves  being  so  deficient  therein. 

IV.  The  artificial  coloration  and  adulteration  of  tea.—K  fourth 
kind  of  adulteration  to  which  certain  descriptions  of  tea  are  specially 
liable  consists  in  the  painting  or  artificial  coloration  of  the  leaves.  This 
practice  is  resorted  to  for  one  or  more  of  several  purposes.  To  improve, 
as  some  consider,  the  appearance  of  some  descriptions  of  tea,  especiaUy 
inferior  kinds ;  for  the  better  conceaknent  of  certam  adulterations,  as 
where  foreign  leaves  are  used,  and  to  disguise  more  effectually  the 
nature  of  lie-tea.  Several  kinds  of  both  black  and  green  tea  axe 
liable  to  be  thus  artificiaUy  coated  or  coloured.  The  6ZrtcA>coated  teas 
are  those  known  as  Scented  Caper,  or  black  gunpowder.  Orange 
Pekoe,  and  the  black  varietv  of  lie-tea.  The  substance  employed  is 
known  by  the  names  graphite,  plumbago,  or  black  lead,  and  is  one 
with  which  housemaids  are  particularly  familiar.  The  teas  coated 
with  this  substance  present  a  particularly  smooth  and  glossy  appear- 
ance. Graphite  contains  a  small  percentage  of  peroxide  of  iron,  and 
is  non-magnetic.  .  ^  z 

OccasionaUy  smaU  quantities  of  the  same  pigments  as  are  employed 
in  the  coloration  of  green  tea  are  used  as  well  as  the  black  lead,  in 
order  to  impart  a  somewhat  different  hue  to  the  Ohulan  and  black 

But  it  is  with  green  tea  that  the  practice  of  artificial  coloration 
most  prevails.  The  principal  green  teas  imported  into  this  country 
from  China  are  Twankay,  Hyson-Skin,  Young  Hyson,  Hyson,  ImpenaJ, 
and  Gunpowder.  Now,  the  colour  of  nearly  the  whole  of  these  teas  la 
artificial,  and  is  due  to  the  adherence  to  the  leaves  of  vanous  colounng 
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matters.  Some  few  years  since  it  was  impossible  to  meet  with  a 
Chiuese  green  tea  which  was  not  thus  artificiaEy  coated,  but  recently 
samples  of  uncoloiu-ed  green  have  been  occasionally  brought  under  our 
notice.  Fiu-ther,  the  Indian  green  teas  are  almost  always  free  from 
colounng  matter,  and  the  Chinese  tea  Oolmiy,  which,  though  described 
as  a  black,  is  really  a  green  tea,  is  equally  free  from  colouring  material 

We  have  afready  referred  to  black  He-tea.  This  is  sometimes  free 
from  coating,  and  at  other  times  is  coated  in  imitation  of  black  o-tm- 
powder ;  but  very  much  of  it  is  faced  in  the  same  manner  as  ffreen 
gunpowder,  in  imitation  of  that  description  of  tea 

The  usual  pigmentary  matters  employed  are  fei-rocyanide  of  iron 
or  Pnmian  blue,  turmeric,  and  avina  clay ;  these  are  mixed  in  various 
proportions,  so  as  to  produce  different  shades  of  blue  and  ffreen  The 
leaves  are  a^tated  with  the  mixtm-e  usually  in  a  kuo,  in  which  thev 

^'If  i°        ^''^'''l  ^^'''^  ^e^ders  them  moist  and 

flaccid,  until  they  become  faced  or  glazed,  as  it  is  termed.  Occa- 

;  employed  by  the  Ohinese-namely, 

mdtgo,  mlphate  of  hme  or  gypsum,  silicate  of  magnesia  or  soapstone,  &c 


Percentage  of  Ash  in  Artificially- Coloured  Green 
Gunpowder 
Hyson 
Gunpowder 
Ping  Suey  gunpowder 

»     »  II  . 

Moyune  gunpowder 
Gunpowder 

»  •      •      «  • 

Shanghai  Ping  Suey  gunpowder 
Gunpowder  . 
Ping  Suey  gunpowder 

^ "     "  " 
Green  tea 

Ganpowder 

Silicote  Green  tea 

Young  Hyson 
Gunpowder 


Teas. 


7-47 

6-  18 

7-  96 
6-10 
6-49 
6-10 
6-65 
6-07 
6-65 
6-68 
6-16 
6-65 
6-34 
6-25 
6-20 
6-07 
6-07 
6-81 
6-33 
6-66 

6-  20 

7-  66 


Average     .  6-53 
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Percentage  of  Ash,  Silica,  andiron  in  Faced  Green  Teat. 


Name. 

Ash. 

Silica. 

Iron. 

Gunpowder  .... 

Gunpowder  .... 
Ping  Suey  gunpowder 

»>      »          )>      •      •  ' 

Moyune  gunpowder  .      .  . 
Gunpowder  .... 

>i              ■      ■      '  -1  ' 

Shanghai  Ping  Suey  gunpowder. 

Gunpowder  .... 
Ping  Suey  gunpowder 

»      »)          )»      •      •  • 

7-47 
6-18 
7*96 
6-10 
6-49 

0  iU 

6-65 
6-07 
6-65 
6-68 
6-16 
6-65 

1-17 
0-84 

0-53 
0-77 
0-57 
0-73 
0-97 
0-94 
0-74 
0-54 
0-75 

0-16 
0-13 
0'18 
0-12 
0-09 
0-11 
0-10 
0-11 
0-12 
0-15 
0-09 
O-08 

Average  . 

6-59 

0-78 

0-12 

From  the  preceding  table  it  appears  that  the  weight  of  the  ash  m 
faced  green  teas  varies  from  6-07  the  lowest  to  7-96,  the  highest 
amount:  that  is,  that  the  mineral  facing  adds  fi-om  J  to  2^  per 
cent,  to  the  weight  of  the  tea.  It  is  remarkable,  notwithstandmg  the 
pretty  free  use  in  some  cases  of  ferrocvanide  of  iron  or  Prussian  blue, 
that  the  amount  of  iron  in  the  ash  is  so  little  increased ;  but  imder  the 
head  of  '  extraneous  silica '  we  find  a  sensible  augmentation.  It  is  to  be 
noted,  however,  that  the  increase  in  the  weight  of  the  ash  does  not 
represent  the  whole  of  the  matter  added  in  the  facing,  because  the 
Prussian  blue  is  partly  destroyed,  and  the  turmeric  wholly  so,  by  the 
incineration.  The  total  addition  made  may,  therefore,  be  regarded  as 
rangino-  from  one  to  thi-ee  per  cent.,  and  this  of  substances  which  are 
wholly  extraneous  to  tea,  which  serve  no  useful  purpose  whatever 
therein,  but  which  help  to  cover  up,  conceal,  and  render  possible  cer- 
tain other  stiU  more  serious  adulterations  of  tea,  and  which,  il  not 
positively  hurtful  in  themselves,  yet  must  be  looked  upon  at  least  as 
so  much  added  dust  or  dirt,  helping  largely  to  the  consumption  of  the 

proverbial  peck  of  dirt.  .-,     j.  i  44  

The  practice  of  colouring  teas  has  prevailed  for  a  very  long  time, 
as  proved  by  the  evidence  of  various  traveUers,  testifying  to  the  extent 
of  the  practice  and  the  nature  of  the  ingredients  used.  iJv.  Koyl& 
writes  •  '  The  Chinese  in  the  neighboiu-hood  of  Canton  are  able  to 
prepare  a  tea  which  can  be  colomed  and  made  up  to  imitate  vanous 
nualities  of  green  tea,  and  large  quantities  are  thus  yearly  made  up. 
Mr  Davies  states  that '  the  coai-sest  black  tea^leaves  have  been  cut  up, 
and  then  coloured  with  a  preparation  resembling  the  hue  ot  ^een 
teas,'  in  imitation  of  Young  Hyson.  '  But  this  was  nothing,  continues 
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Mr  Davies,  'in  comparison  with  the  efironteiy  which  the  Chinese 
displayed  in  can-ying  on  an  extensive  manufactJe  of  green  teas  fmm 
damaged  black  eaves  at  a  village  or  subm-b  called  Honin  '  A?d 
he  says :  '  Certain  nimours  being  afloat  concerning  the  manXture  of 
green  tea  from  old  black  leaves,  the  wi-iter  of  this  beLTp  mf.Sr,n=% 
ascertain  the  truth,  and  with  s^me  difficulty  pZiaTed  a  C'^^^^^ 
chant  to  conduct  hmi,  accompanied  with  one  of  the  inspectors  to  the 
place  where  the  operations  were  carried  on.    Entering  one  <^f  these 
laboratories  of  fictitious  Hyson,  the  parties  were  witneSes  to  a  s  tTnoe 
scene.    The  damaged  leaves  after  being  dried  were  traLwT?n°! 
cast-iron  pan,_placed  over  a  fm-nace,  and^stirrelrSy  S^^^^ 
a  smaU  quantity  of  turmeric  in  powder  having  bSn  Sousl v  S^f' 
duced.    This  gives  the  leaves  a  veUowish  oi^rrno-e  S^^^^^^^ 
were  still  to  be  made  green;  for  this  purpose  om??Sip   of  fin  bin! 
were  produced,  together  with  a  substLce  in  powderThich  from  tL 

bloom  colour  of  Hyson,  witVvery  m^cT  ttU^ce^^^^^^ 

about  half  a  teaspooi5S  ^f  ?hS  mixture ^s  nS^  'TW^  .P"^"'^^ 
:  along  with  the  tea  in  the  pan  forXut  aX^  Th??i!'^  ^""^^'^^'^ 
:is  merely  to  give  it  a  uniform  co  o  u- Tnd  appearance  The^^^^^^^^ 

iis  cl';e™?d,The  m  f:  o/  mi'^'^^-f  f  ^^^^^^^  tea 
.established,  'if  fictTtous  mea?s  are  fnw         ^r  ^^P^^^^^^^ 

«and^ctor\ltffi^^^^ 

'With  false  leaves  and  tLrf+  •       ^^^^ /wankay  tea  is  often  mixed 
^^foHated  gypfur  'Mr^Fortine  whotw  f,^  "1*^  ^^^^^^S 
^in  Chinafand  who  has  descrSS^^^^Tl^  '-^TT^  performed 
■one  part^f  the  operatn  tt  ht^P  'S  hTw^^^^^^^ 
:  'I  could  not  help  thinldn.,'  he reSarL  ' tW 
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Fortune,  'What  reasons  they  had  for  dyeing  the  tea,  and  whether  it 
would  not  be  better  without  undergoing  this  process  ?  They  acknow-  ■ 
ledo-ed  that  tea  was  much  better  when  prepared  without  having  any 
such  ingi-edients  mixed  with  it,  and  that  they  never  drank  dyed  teas 
themselves  but  remarked  that,  as  foreigners  seemed  to  prefer  having 
a  mixture  of  Prussian  blue  and  gypsmn  with  their  tea,  to  make  it 
look  uniform  and  prettv,  and  as  these  ingredients  were  cheap  enough, 
the  Chinese  had  no  objection  to  supply  them,  especiaUy  as  such  teas 
always  fetched  a  higher  price.'    .  ,   -,  ,         rr      -a  4- 

In  the  Museum  of  Economic  Botany  attached  to  the  Kew  Bote- 
nical  Gardens  will  be  found  some  specimens  of  tea  dyes  procui-ed  by 
Mr  Berthold  Seeman  from  one  of  the  tea  factories  at  Canton,  ihey  con- 
sist of  Prussian  blue,  turmeric,  chalk,  and  either  China  clay  or  grpsum. 
In  the  same  museum  will  also  be  found  a  series  of  samples  of  black 
and  ffreen  tea,  also  of  several  varieties  of  lie-tea,  all  artifacially 
coloi^ed  They  were  met  with  by  ourselves  m  the  course  ot  our 
investigations  into  the  subject  of  the  adulterations  of  tea,  and  were 
sent  to'the  museiun  many  years  since.  .  t 

It  mi^ht  be  supposed  that  the  practice  of  thus  artificiaUy  colouring 
tea  with"  various  mineral  and  vegetable  substances  was  one  which 
would  be  imiversally  condemned,  and  that  among  analysts,  at  least, 
no  difference  of  opinion  could  exist  as  to  whether  it  constitiited  an 
adulteration  or  not.  This  we  very  gi-eatly  regi-et  to  state  is  far  from 
beins  the  case,  some  analysts  boldly  excusmg  the  practice  while 
others  say  that  when  the  addition  is  confined  to  certain  limits  it  is 
not  to  be  regarded  as  an  adulteration;  a  view  of  the  matter  which 
is  not  only  wrong  in  principle,  but  impossible  m  practice  Thus 
they  would  say  that  when  the  colom-ing  matters  do  not  exceed  one  or 
two%r  cent.,  such  an  addition  is  allowable  but  when  they  exceed 
thS  amount  the  teas  so  coloured  are  to  fall  under  the  operations  of 
any  aJ?  dealing  with  the  question  of  adulteration  They  at  the  same 
time  overlook  the  fact  that  it  is  impossible  with  any  certainty  to 
determine  the  exact  percentage  of  coloiu-ing  matter  employed  m  any 
particular  case,  so  that  no  analyst  who  was  careful  of  his  reputat  on 
would  ventvu-e  to  give  evidence  for  the  prosecution  m  any  case  of  the 

M?  A  ttilTn,°Pu^^  Analyst  for  Sheffield,  in  answer  to  a  ques- 
tion by  the  Chairman  of  the  late  Adulteration  Committee,  answers  : 
'  I  ha^e  stated  that  I  do  not  caU  the  colo.inng  of  green  tea  an  adul- 
teration, and  I  do  not  caU  the  colouring  m  mustard  an  adulteration. 

Mr  H  C  Bartiett  thus  expresses  his  views  before  the  same  bom- 
mittee"  with  regard  to  the  facing  of  tea :  'I  consider  that  it  would  be 
Tuch  better  to  have  tea  without  any  facing,  but  at  the  Present 
+bP  lame  maiority  of  teas  that  I  have  analysed  have  been  faced. 
Those  olthStter^descriptionhavebeen  facedwithfrom  H  to  2per  cent, 
of  facing  material.  As  those  have  passed  through  theCustomsand  Ex- 
c  se  a^d  have  been  allowed  to  be  sold  in  this  way,  I  have  not  considered 
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in  my  own  mind  that  there  was  any  gi-eat  sin  on  the  part  of  the 
retailer  m  selhng  them,  or  that  he  was  moraUy  responsible  lor  the  sale 
of  these  articles  merely  as  tea;  hut  when  it  exceeds  the  amount  that  has 
6.m^«^z«m  that  way,  although  for  the  piu-pose  of  improving  the 
appearance  of  the  tea,  then  I  think  the  other  provision  comes  ix. 
which  brings  It  distinctly  under  the  clauses  of  the  Adulteration  Act- 
that  IS,  the  increasing  ot  the  bulk  of  the  article,  by  the  addition  of  a 
cheaper  or  mfenor  material.'  In  reply  to  the  question  that,  if  the  tea 
Itself  was  of  good  quahty,  and  contained  from     to  2  per  cent,  of  facint 

'1  ^'^^^t^^^t^d?  Mr.  Bartlett  replied  '^f 
shoiild  much  prefer  if  no  facing  were  allowed  ;  but  I  should  not  consider 
that  there  IS  any  very  great  amount  of  injluy  to  health  conseauent 
upon  that  IX  or  2  per  cent  because  of  the  veiT  fact  that  PrussTaSe  S 
Prussia  IS  entered  into  the  Pharmacopoeia  as  a  tonic'  AU  we  can  sav 
as  a  comment  to  such  a  reply  as  the  above,  is,  mav  we  bTdeirveS 
from  having  any  of  the  potent  remedies  of  the  Prussian  PhSa- 
copcBia  poui-ed  down  om-  throats  under  the  name  of  tea ! 

Again,  Mr.  Sutton,  of  Norwich,  appears  from  his  evidence  to  be  in 

;  itSon.'" I  -.not  ?ttS 

t  asked  the  following  Question  •  '  Tn       nZ  ^TT^t^^^^j  J-^^r-  ^-  Crarnier, 
Aeese  ..d  butterf  ITrcolo'uSjfSteyte^^^ 
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emiDloYed  in  compounding  them  will  take  up  a  slight  trace  of  copper 
from  tTie  pan,  and  I  do  not  tWnk  that  that,  if  present  in  pickles,  ought 
to  he  considered  an  adulteration.'  But,  most  learned  Doctor  the 
acetic  acid  will  not  cease  to  act  on  the  copper  pan  when  it  has  taken 
up  '  a  slight  trace '  of  copper  only,  but  will  continue  to_  act  upon  the 
metal  as  long  as  the  two  are  in  contact.  Besides,  there  is  no  necessity 
whatever  for  the  employment  of  copper  vessels  in  the  preparation  ot 

^^'^^Dr  0  M  Tidv,  who  stated  to  the  Committee  that  he  had  ex- 
amined 19,000  samples  of  articles  of  food  in  the  course  of  six  years, 
replied  as  to  the  facing  of  tea,  'I  should  not  hke  to  say  very  much 
about  it.  I  am  rather  disposed  myself  to  think,  that  it  is  one  of  those 
thino-s  which  had  better  not  be  interfered  with  ' 

Dr  Voelcker  said :  '  I  cannot  look  upon  the  facing  of  tea  as  an 
adulteration,  because  we  are  so  much  in  the  habit  of  colouring  articles 
of  cSmp  ion  that  the  dealer  has,  to  a  certain  extent,  to  meet  the 
Pastes  of  his  customers.    I  should  like  to  have  all  articles  of  food  sold 
^tout  any  facing  or  without  any  colouring,  but  then  this  coloi^^g 
iT  a  delicate  question,  because  if  you  aUow  it  m  one  article  of  food 
t  strikes  me  that  you  ought  not  to  interdict  it  m  another  article  of 
food  andTf  you  were  to  set  your  face  entirely  agamst  all  colouring, 
S  woSd  be  difficult  to  say  where  to  stop.'    The  same  argmuen  s 
miZ  and  indeed  have  been  employed  over  and  oyer  again  in  jus- 
tification  of  nearlv  every  species  of  adulteration  practised     Nothing  ^ 
morfcommon  thin  to  hear  many  adulterations  justified  on  the  plea 
t^P^Lre  nerpetrated  to  meet  the  tastes  of  customers.    Agnm,  if 
obtSaMeS^^     are  to  be  upheld  simply  because  of  their  pre- 
vSence  tren  since  adulteration  itself  in  all  its  many  forms  is  extensive  y 
pmcSed,  it  is  well,  according  to  Dr.  Voelcker  s  line  of  reasonmg,  not  to 

^'*'Slrtht  iw'e.ddence,  it  is  not  a  little  amusing,,  as  well  a. 
«nme^St  siprising,  to  come  upon  the  following  admission.  .  After 
4e^S;Lrdinary  statement  that  an  analytical  chemist  can 
r  verv  ttle  in  the  examination  of  tea,  and  that  a  man  who  has 
^nt  practical  experience  is  a  far  more  reliable  judge  of  the  punty  of 
Li  IS  eke?  remarks:  '  I  may  say,  whilst  on  the  subject  of  tea 
StI  have  never  found  any  adulterated  tea.'  An  admission  ^  hich 
sur  W  depr  vesTe  evidence  of  the  Doctor  of  any  value  which  it  might 
o  hemise  have  possessed.  We  may  say  for  ourselves  that  at  least  100 
samp™f  Sulterated  tea  have  passed  through  om-  hands  m  the  last 

%Te1ast  witness  whose  evidence  we  shall  quote  is  Mr.  Wapklyn^ 
When  asked  '  Do  vou  re-ard  the  facing  of  tea  as  an  adulteration  ?  he 
When  asKea  ,  perf-ectly  legitimate  practice.  And 

that  the  facing  of  tea  is  not  an  adulteration i  agree  wiiu 


TEA  AND  ITS  ADULTEEATIONS. 


129 


perfectly,  and  for  the  reason  tliat  facing  is  not  necessarily  injurious  to 
health,  and  that  faced  tea  does  not  add  sensibly  to  the  weight  or  volume 
of  the  tea.  It  adds  to  the  weight  or  volume  just  in  the  sense  that,  to 
throw  a  bucket  of  water  into  the  Thames  would  increase  the  river  • 
but  it  does  not  add  to  the  volume  in  any  sensible  manner.'  ' 
Is  it  possible  to  conceive  of  any  scientific  witness  givino-  more 
absm-d  evidence  than  this  ?  The  colom-ing  matters  employed  in  the 
tacmg  of  tea  amoimt  to  fi-om  1  to  3  per  cent.,  and  they  do  therefore  add 
sensibly  to  the  weight  of  tea;  and  Mr.  WanMyn's  comparison  of  throw- 
ing a  bucket  of  water  into  the  Thames  is  simply  ridiculous:  but  as  we 
have  so  often  remarked  before,  the  objections  to  the  coloration  of  tea 
are  not  confined  to  the  quantity  or  the  character  of  the  substances 
employed,  and  the  practice  is  to  be  emphatically  condemned  in  everv 
degree,  whether  it  be  carried  on  to  a  smaU  or  large  extent,  on  the 
ground  that  it  is  resorted  to,  in  many  cases,  to  cover  and  conceal  other 
more  injurious  and  fraudulent  adulterations. 


EESTTXTS  or  THE  RECENT  EXAlIIIfATION  OP  CAPER,  GUNPOWDER 
AND  OTHER  TEAS.  ' 

^:,^ff^*'''f'f  Gap^r  -Oi  Chinese  teas  some  descriptions  are  more 
speciaHy  '^^P^'"  ^^'^  gunpowders  being 

^^^r'l"*^  ^T^-  'f^^P^^'       ^"P'''  T^">         reported  upon  in 
'Food,  Water,  and  Air,'  for  November  1873,  one  only  waa  genuine 

the  loo-Chow  caper,  and  nineteen  were  adulterated  ' 
2.  All  the  nineteen  contained  He-tea  ;  were  faced  with  plum- 
bago contained  iron,  chiefly  m  the  state  of  magnetic  oxide,  sand,  and 
'  quartz  in  variable  quantities.  '  ' 

3  The  quantity  of  iron  in  excess  of  that  normally  present  in  the 
.  ash  of  genume  tea  vaned  from  0-06,  the  smallest  amoLt  met  wl?h  to 
.5-86  per  cent  the  _  highest  quantity  found,  the  iron  being  pre^nt  in 
ma^y  cases,  both  m  the  caper  and  in  tii^  lie-tea,  espe^^fffn  tS 

^yM^to^lm'thtRr^  "^'l  stony  particles  in  the  whole  tea 

5.  Eight  of  the  teas  contained  foreign  leaves,  which  were  present 
an  some  of  the  samples  in  considerable  Quantities.  ^ 

b.  Ihe  extractive  matter  of  genuine  green  tea,  of  which  caner  for 
the  most  part  really  consists,  amounts  to%early  40  per  cent  whereas 
tthe^quantity  in  the  adulterated  teas  varied  fr^m  26-69  to  ^?94  per 

ril^'u^U;^^''  ""^^  ^-P^^'  -  -^^^  thequantiJy'o'f Vei^^ 
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Some  further  details  of  the  analyses  of  the  samples  ahove  noticed 
are  given  in  the  suhjoined  tahle : — 

Table  of  Adulterated  Caper  Teas.  


Ash  of  wliole  tea. 


Ash  of  Lie-tea. 


Iron  (extraneous). 


14-94 

17-  27 

18-  97 

19-  32 
24-94 

14-  33 

15-  33 

18-  00 
8-87 

17-89 

20-  08 
15-11 

15-  48 
11-59 

8-  32 

9-  84 

19-  95 
11-69 

16-  61 


31-40 
much 

25-  91 
33-43 
52-92 
23-34 
17-70 
49-76 
13-03 
36-46 
27-20 

26-  38 

23-  86 
45-70 
15-35 
15-28 

24-  87 
17-61 
23-98 


Silica  (extraneous). 


0-59 
0-06 

0-  67 

1-  48 
5-86 

0-  44 

1-  10 
0-26 

0-  29 

2-  09 

1-  38 

2-  24 
0-79 
0-56 
0-23 
0-21 
2-04 

0-  16 

1-  10 


8-35 
11-21 
11-64 

11-  45 

12-  83 

7-  69 

8-  20 
12-00 

2-86 

9-  30 
11-13 

7-  25 

8-  72 
4-86 

2-  27 

3-  48 

10-  76 
6-09 

9-  28 


Adulterated  Gunpowde,:-!.  Of  eighteen  samples  f  /^"f^  Jj^ 
analysed  and  reported  upon  in  'Food,  Water  and  A.r,'  for  Janua^ 
Sr^eventeen  heing  samples  of  gunpowder  tea,  and  one  of  Hyson 
tea  the  whole  were  adulterated.  j?  j 

2  The  xohole  of  the  teas  xvere  artificially  coloured  or  faced  m 
sixteen  cases  with  'Prussian  blue,  turmeric,  and  a  white  mineral  suV 
stance"  usually  a  sHicate,  and  in  the  two  other  samples  with  Pmssian 

''''Ti^lZ''^r^A^^^^^  .....  which,  with  ope  ex. 
cention  ranched  from  6-68  to  48-46  per  cent,  of  the  tea. 

The  quaiitity  of  irm  in  the  teas,  excludmg  foiu-  samples, 

Tano-ed  from  0-47  to  4-47  per  cent.  .  , 

ranged  ttom  u   /  v ^^^^^       r^^agn^Uo  oxide  of  tron  and 

iT,  no  instance  were  '  iron  filings'  found.  This  result  has  heen  confimed 
W       examTnSion  of  a  great  number  of  other  teas,  end  it  now,  there- 

5l  ^ppe^s  tSt^^^^^^  «^^r^-*«  thr/a^Tf 

Seated  as  to  the  frequent  presencfe  of  iron  filings  m  tea,  they  axe  of 
rare  occurrence,  even  if  they  are  ever  found  there.  ^^tracted 

6.  The  quantities  of  magnetic  ox^de  '>f  '^Z^J^^f^  ^^^^l 
from  several  of  the  teas  were  as  follow  :-l-98,  5-57,  2  94,  8  7b,  i  94, 

1-92  3-17, 1'13,  and  1-30  per  cent. 

7.  The  quantities  of  «&«,%and,  and  ^ony  particles  found  in 
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the  whole  tea  excluding  the  two  teas  which  were  faced  only,  varied 
from  2-02  to  19-19  per  cent.,  and  the  ash  of  the  Ue-tea  from  13-13 
to  4o-Ui  per  cent. 

Further  results  of  the  above  analyses  are  shown  in  the  foUowino- 
table .- —  o 

 Table  nf  Adulterated  Gunpowder  Teas. 


Percentage  of 
Lie- tea. 


•1-38 

13-  68 
6-68 

36-  67 

37-  69 
48-46 
28-95 
39-42 

14-  21 
35-23 
20-06 

38-  31 
11-47 
37-30 
26-12 
22-98 


Ash  of  whole 
tea. 


8-49 
18-00 

8-32 
20-12 

25-  66 

23-  69 

18-  49 

17-  56 

19-  03 
33-49 
22-26 

26-  12 
11-79 

24-  47 

20-  28 

18-  19 


Ash  of  Lie-tea. 


Iron. 


Silica. 


14-87 

23-  82 
13-13 

19-  76 
35-92 

28-  43 

24-  63 

20-  33 
■46-01 
39-97 
30-.34 
34-66 

29-  30 
82-61 
42-06 
44-62 


0-12 
0-36 

0-  15 

1-  35 

3-  01 
1-79 
0-51 
0-47 

0-  18 

4-  47 

1-  43 

2-  33 

1-  18 

2-  48 
0-94 
0-82 


2-52 
10-90 

2-95 
12-14 

15-  86 
14-46 

10-  32 
9-02 

12-  31 
19-19 

13-  02 

16-  20 
4-12 

14-  85 
13-17 

11-  80 


Of  the  above  teas,  the  whole,  except  the  one  thus  distinguished 
were  decidedly,  and  many  of  them,  very  strongly  mao-netic  ^  ^' 

^.J.^'^'^f  A  f,"^^y?««  given  it  is  therefore%vident  that  the 

pract  ce  of  adulterating  tea  widely  prevails,  and  is  of  a  very  shame! 
ful  character.    As  was  the  case  with  the  Caper  teas  St  ofTb^ 
:  green  teas  now  examined  came  from  Canton,  wfcch  pSeTs  the  Lea? 
:  centre  and  focus  of  the  adulteration  of  tea;  this  fact  is  perfectlv  well 
^  known  to  all  who  have  anything  to  do  with  tea-merchrnts  b^^^^^^ 
•  wholesale  and  retail  dealers,  and  who  therefore  have  no  W^Sfto 
:  urge  the  plea  of  ignorance  in  extenuation.    The  merchLt  who  w« 
.  genuine  tea  would  scarcely  go  to  Canton  for  it ;  aSl  i?he  d  S'TS 
^at  all  this  very  circumstance  would  alone  tend  to  prove  that  whltT! 
actually  required  was  something  very  different  /e^uSe  tea 

^sides,_  the  British  merchant's  interests  in  China  ar?  protected  we 
believe,  m  all  cases  by  the  presence  at  the  several  pLr  S  manu 
ifacture  and  export,  of  carefully  trained  experts,  on  whom  t  wouldX" 

Ihe  statement  has  been  frequentlv  made  frnm  ^\rr.^  +^  xi.  j. 
.-green  .ea  often  contdns  Co,,,.;  I  J^^l        aZZ^™;  S 

K  2 
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metal,  whicli  is  assumed  to  be  derived  from  the  copper  vessels  used  in 
drying  the  tea.  This  assertion  we  have  put  to  the  proof  by  testing  the 
ashes  of  the  foregoing  teas,  and  with  the  result  of  not  finding  even  a 
trace  of  copper. 

Another  statement  made,  is  that  sulphate  of  iron  is  often  added  to 
tea  by  the  Chinese  to  increase  the  astringency  of  tea,  to  darken  the 
solution,  and  to  render  the  beverage  more  stimulating.  The  strongly 
ferruginous  character  of  some  of  the  ashes  led  me  to  suspect  that  pos- 
sibly extraneous  iron  was  present  in  some  of  the  samples  in  that  form 
as  well  as  in  the  state  of  magnetic  oxide  ;  the  several  ashes  were  there- 
fore-tested for  sulphuric  acid,  0-60  per  cent,  only  being  found  in  100 
parts  of  the  mixed  ashes  of  the  lie-teas,  this  being  much  less  than  the 
quantity  often  present  in  genuine  tea ;  thus  Liebig  found  8"72  per  cent, 
of  sulphuric  acid  in  the  ash  of  the  watery  extract  of  tea. 

So  far,  then,  as  these  analyses  go,  this  statement  also  is  not  corro- 
borated. 

Lastly,  a  portion  of  the  lie-tea  of  several  of  the  foregoing  samples  was 
separated,  reduced  to  powder,  the  ash  and  exti-act  estimated :  the  ash 
amounted  to  24-07  per  cent.,  thus  leaving,  after  making  the  allowance 
of  6  per  cent,  for  the  normal  ash,  82  per  cent,  of  what  we  will  presume 
to  have  been  teft.  This  should  fiu-nish,  taking  40  per  cent,  as  the  full 
extract  obtained  from  genuine  tea,  32-8  per  cent,  of  exti-act.  But  the 
actual  amount  obtained  from  the  lie-tea  was  no  less  than  47-3  per 
cent. — that  is  to  say,  the  largely  adulterated  lie-tea  fm-nished  an 
amount  of  extract  much  exceeding  that  obtained  from  genuine  tea, 
proving  plainly  the  presence  of  some  foreign  soluble  matter. 

Relative  to  this  point  the  author  has  also  made  some  examinations. 
He  re-examined  the  samples  of  green  tea  adulterated  with  lie-tea,  the 
results  of  the  analyses  of  which  have  just  been  refen-ed  to,  and  he 
found  that  in  all  cases  the  adhesive  material,  wherewith  the  tea,  sand, 
and  magnetic  oxide  of  iron,  &c,  entering  into  the  composition 
of  the  lie-tea,  were  incorporated  into  little  hard  masses,  consisted 
of  boiled  starch  in  large  quantity ;  indeed  in  amount  sufficient 
to  account  in  great  measure  for  the  high  percentage  of  extractive 
usually  furnished  by  teas  adulterated  with  lie-tea.  The  detection  of 
the  starch  by  means  of  a  solution  of  iodine  was,  of  course,  very  readily 
effected. 

The  eio-hteen  samples  of  green  tea  already  noticed  were  also  exa- 
mined iov  foreign  leaves,  which  were  found  to  be  present  in  five  of 
the  samples ;  but  the  leaf-dust  entering  into  the  composition  of  the 
'lie-tea'  was  not  examined,  and  it  is  in  this  that  the  presence  of 
broken-up  leaves,  not  tea,  might  be  looked  for. 

Other  kinds  of  tea  which  are  also  very  liable  to  adulteration 
are  Scented  Orange  Pekoe  and  sometimes  tea-iiftings.  The  results  of  the 
analysis  of  one  sample  of  Orange  Pekoe  were  as  follows  : — Magnetic, 
faced  with  plumbago,  or  black  lead,  and  containing  7'98  per  cent,  of 
lie-tea.    Ash  of  the  whole  tea,  1.0-48  per  cent.,  containing  0*29  per 
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cent,  of  ii-on  and  4-26  per  cent,  of  sand.  Asli  of  lie-tea,  28-18  per  cent. 
This  tea,  therefore,  was  adulterated  with  plumbago,  lie-tea,  sand,  and 
magnetic  oxide  of  iron. 

The  analysis  of  a  sample  of  sif tings  furnished  the  following  re- 
sults It  formed  a  black  powder,  highly  magnetic,  clinging  to  and 
covenng  the  magnet  in  long  threads.  Ash,  15-20  per  cent.,  containing 
3-96  per  cent,  of  iron,  and  6-24  per  cent,  of  sand  and  stony  particles. 
iiXtracted  by  means  of  the  magnet,  8-88  per  cent,  of  magnetic  oxide 
or  iron.  ° 

_  This  tea,  then,  was  also  much  adulterated  with  magnetic  oxide  of 
u-on  and  sihca,  the  tea  from  which  the  dust  was  derived  bein^^  no 
doubt  similai-ly  adulterated.  However,  here  the  author  would  wish  to 
say  a  few  words  on  behalf  of  tea-dust  in  general.  He  has  examined 
many  samples  of  it,  and  foimd  it  to  be  genuine  in  nearly  aU  cases. 
Ihis  article  IS  not  known  to  the  public  at  large,  and  is  much  used  for 
mixing.  It  13  sold  at  a  very  low  price,  and  when  genuine  it  would  be 
a  real  boon  to  the  poor,  if  obtainable  by  them. 

The  quantities  of  extractive  matter  and  of  theine  yielded  by 
adulterated  teas  is  as  a  rule  of  com-se  less  than  those  obtained  from 
genuine  samples  ;  but  the  data  thus  furnished  are  not  sufficiently 
maiked  to  afford  absolute  proof  of  adulteration.  We  here  append  a 
table,  showing  the  amount  of  extractive  matters  and  of  theine  obtained 
from  adulterated  capers  and  other  teas. 
Percentage 
Caper 


Mixed  Black 


Mixed  Green 


Average 


ne  in  Adulterated  Teas. 

26-69 

0-97 

28-29 

1-66 

3()-99 

1-63 

32-39 

1-14 

3Q-67 

1-29 

28-49 

1-54 

31-79 

0-9n 

32-94 

1-28 

37-94 

2-26 

34-39 

1-06 

32-31 

1-76 

34-48 

2-23 

32-06 

2-05 

32-37 

2-68 

30-06 

1-94 

36-02 

3-30 

31-18 

0-82 

38-69 

1-85 

38-04 

1-59 

30-27 

1-50 

29-39 

2-13 

28-69 

1-09 

34-48 

0-92 

32-68 

0-93 

35-90 

1-11 

3004 

1-58 
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The  quantities  of  extractive  matter,  as  shown  in  the  above  table, 
are  certainly  higher  than  might  have  been  anticipated,  conBiderinfr 
the  extent  to  which  many  of  the  teas  were  adulterated,  the  average 
being  32-04.  This  arises  doubtless,  partly  from  the  fact  that  the  Caper 
teas,  from  which  most  of  the  extracts  were  obtained,  partake  rather  of 
the  nature  of  green  than  of  bLack  tea,  and  partly  from  the  starch  pre- 
sent in  the  lie-tea.  •  v 

The  following  table  gives  the  results  of  the  analysis  by  the  author 
of  the  teas  which  formed  the  subject  of  recent  prosecutions  in  Bir- 
mingham, and  in  most  of  which  convictions  were  obtained : —  


No. 


Action  on 
magnet. 


Attracts  the 
magnet. 

SUghtly  mag- 
netic. 

Ditto  . 


Ditto  . 
Decidedly 
magnetic. 

Magnetic  . 
Strongly 
magnetic 


Facing. 


Turmeric  &  Prussian 
blue 

Plumbago 
Turmeric,  Prussian 

blue,  and  a  white 

powder 
Plumbago 

Turmeric,  Prussian 
blue,  and  a  white 
powder 

Plumbago 

Plumbago 


Lie-tea. 

Ash  of  Lie-tea. 

Ash  of  whole 
tea. 

Iron. 

Silica.* 

Magnetic  iron 
extracted. 

23-8 

56-34 

21-83 

0-51 

14-68 

0-79 

13-0 

26-84 

10-51 

0-83 

4-15 

0-G9 

12-0 

19-50 

12-95 

0-74 

4-66 

0-lOt 

17-7 

40-86 

9-51 

0-58 

3-08 

0-36t 

n-3 

16-03 

0-56 

5-91 

1-01 

13'4 

22-11 

10-77 

10-51 

4-32 

0-48 

6-0 

20-30 

12-54 

0-83 

4-70 

1-46 

5  " 


!  a 


34-40j  0-92 
29-39'  2-13 


31-07|  — 
30-27  1-50 


;  had  been  previously  partly  removed,  and  with  it  much  of 

the  magnetic  iron. 

THE  ADULTEKATION  OF  TEA  AS  PEACTISED  IN  THIS  COXTIfTET. 

Many  years  since  a  very  high  duty  was  levied  upon  tea,  and  this 
led  to  its  being  yery  extensively  adulterated  in  this  country,  bmce, 
howeyer,  the  reduction  of  the  duty,  which  is  now  only  sixpence  m 
the  noimd,  but  little  sophistication  takes  place.  The  practices 
resorted  to  were  various,  and  on  the  whole  much  more  objection- 
able and  dangerous  than  those  of  the  Chinese.  ,  ,  , 

One  common  proceeding  was  to  collect  exhausted  tea-leayes  to 
mix  them  with  a  solution  of  gum,  catechu,  and  sulphate  of  iron  and  to 
re-di-v  them.  The  giun  supplied  in  a  measure  the  place  of  the  extractive 
matter  removed  from  the  leaves  by  their  previous  use,  and  the  catechu 
and  the  sulphate  of  iron  gave  the  solution  astringency  and  colour 

Another  practice  was,  to  collect  the  leaves  of  different  plante, 
to  break  them  up,  to  mix  them  with  catechu,  and  to  granulate  the 
r^ixtiTin  imitatSn  of  the  lie-tea  of  the  Chinese,  which  has  afready 
been  described. 
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These  masses  were  finaUy  coated,  either  Mack  or  green,  in  imitation 
ot  black  or  green  gunppwder  teas,  with  a  variety  of  pigmentary  sub- 
stances, some  of  them  of  a  highly  poisonous  nature. 

In  former  years  many  seizui-es  were  made  by  the  Excise  authorities 
lor  the  sale  of  teas,  adulterated  in  this  country  in  one  or  other  of  the 
ways  above  described. 

Among  the  leaves  which- have  been  known  to  be  thus  employed  are 

Fig.  29. 


A,  Leaf  of  Willow  ;  S,  ditto  of  Poplar. 
-'''■iomteofcopper'anenUeofZmT'/A       {'''T'  ^«»«"«"  red, 

sn:^  tst:  szt  tt  eS  t:  its-  — 
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The  tea  into  the  facing  of  which  the  chromate  of  potash  entered 
was  seized  in  Manchester  in  1845.  At  the  same  time  the  following 
articles  were  found  on  the  premises,  evidently  intended  to  be  used  in 
the  colouring  of  adulterated  tea:— A  mixture  of  chromate  of  lead,  car- 
bonate of  lime,  andarsenite  of  copper  ;  a  mixture  of  indigo,  chromate  of 
lead  and  carbonate  of  lime  ;  a  mixture  of  arsenite  of  copper,  carbonate 
of  magnesia  and  Venetian  red. 

In  1848  other  seizures  of  green  tea  occurred.    In  some  instances 


Fig.  30. 


C,  Leaf  of  Plane  ;  D,  ditto  of  Oak. 


the  colouring  matters  employed  amounted  to  7,  8,  and  even  9  per 

cent,  of  the  teas.  ,  .     ,  ,       ■>      m  j 

Of  course,  the  teas  fabricated  m  the  ways  above  described  were 
not  sold  alone,  but  were  used  for  mixing  with  genuine  teas. 

Mr.  George  Phillips,  of  the  Iidand  Kevenue  Oihce,  states,  m  refer- 
ence to  the  employment  of  exhausted  tea-leaves,  that  in  1843  it  was 
supposed  that  there  were  eight  manufactories  for  the  purpose  of  re- 
drymg  exhausted  tea-leaves  in  London  alone,  and  several  besides  iQ 
various  parts  of  the  country.  Persons  were  employed  to  buy  up  the 
exhausted  leaves  at  hotels,  coffee-houses  and  other  places,  at  twopence- 
halfpenny  and  threepence  a  pound.  These  were  taken  to  the  manu- 
factories, rinsed  with  a  solution  of  gum  and  re-dried.    After  this  the 
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dried  leaves,  if  for  black  tea,  we  mixed  with  rose  pink  and  black  lead 
to  iace  them,  as  it  is  tei-med  by  the  trade. 

A  case  illustrating-  the  manufacture  of  spiu-ious  tea  in  this  country 
occiu-red  m  Liverpool,  in  December  1850,  where  a  regular  manu- 
tactory  was  discovered,  carried  on  by  a  Mr.  John  Stevens.  Samples 


Kg.  31, 


A,  Leaf  of  the  :  f  > /"to  of  the  Sloe,  or  Wild  Pltjm  ;  C,  ditto  of  the 

JJEECH ,  D,  ditto  of  the  Elder  ;  Ji,  ditto  of  the  Elm. 
%•  The  whole  of  the  leaves,  except  that  of  ohe  camellia,  are  figured  on  their 
P^r^rw^Tofira&f "^"-^  '^"^  Sh°es  '^Z 

^of  the  article  then  seized  were  presented  to  us  by  the  late  Dr 
Muspratt  and  Mr.  Phillips     Onl  of  the  samples  ^cons  sted  of  a 

ohS™.  ^"^'^  ^"'.'^  ^'^^^'^  «J«^^ore  and  horse- 

chestnut.     In  another  specimen  the  leaves  wire  so  broken  down 
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that  it  was  scarcely  possible  to  identify  them  without  the  aid  of  the 
microscope.  A  third  sample  consisted  of  large  lumps  of  irregular 
size  and  shape,  formed  of  the  broken  leaves,  including  even  the 
stalks,  agglutinated  by  means  of  catechu.  In  another  specimen 
these  masses  were  broken  down  into  smaller  masses  or  fragments, 
resembling  those  of  gunpowder  tea.  In  this  state  the  article  was  ready 
either  for  mixing  with  genuine  black  tea,  or  for  being  faced  in  imita- 
tion of  green  gunpowder.  Lastly,  other  samples  were  coloured  with 
indigo,  and  then  they  very  closely  resembled  the  green  gunpowder  tea 
of  the  Chinese. 

In  1851  a  manufactory  of  spurious  tea  was  discovered  at  27^ 
Olerkenwell  Close,  Clerkenwell  Green.  Inspector  Brennan  deposed  that 
he  found  the  prisoners  in  an  apartment  busily  engaged  in  the  manu- 
factiu'e  of  spurious  tea;  there  was  a  fm-nace  before  which  was  sus- 
pended an  iron  pan,  containing  sloe-leaves  and  exhausted  tea-leaves. 
On  searching  the  premises  an  immense  quantity  of  used  tea  and  bay- 
leaves  was  discovered,  some  of  which  were  mixed  with  a  solution  of 
gujn  and  sulphate  of  iron.  In  a  back  room  about  100  pounds  of  re- 
dried  tea-leaves,  bay-leaves  and  sloe-leaves  were  found  spread  on'  the 
floor  drying. 

THE  DETECTIOIT    OF  THE  ADTTLTEEATI0N8  OF  TEA. 

The  detection  of  the  adulterations  of  tea  may  be  considered  under 
the  five  following  heads : — 

1.  Foreign  leaves. 

2.  Exhausted  tea-leaves. 

3.  Lie-tea. 

4.  Quartz,  sand  and  magnetic  oxide  of  iron. 

5.  Colouring  substances  employed  for  painting  or  facing  the  teas. 

I.  Detection  of  foreign  leaves.— The  leaves  may  occur  in  two 
states,  either  more  or  less  entire  or  broken  up  into  fragments,  which 
may  be  found  either  loose  in  the  dust  of  tea  or  else  agglutinated  by 
means  of  a  solution  of  starch  into  masses,  forming  lie-tea,  and  which 
may  be  either  imcoloiured  or  artificially  coloured  black  or  gi-een. 

'For  the  detection  of  the  foreign  leaves  a  thorough  acquaintance 
with  the  tea-leaf  itself  is  necessary ;  its  shape  and  various  sizes,  the 
crenation  of  the  edges,  its  venation,  and,  lastly,  its  structiu-e  as 
shown  by  the  microscope,  embracing  particularly  the  size  and  fonn.  of 
the  cells  and  stomata  and  the  form  and  the  distribution  of  the  hairs. 
All  these  points  are  well  delineated  in  the  figm-es  of  the  tea-leaf 
alreadv  given. 

A  knowledge  of  the  characters  of  the  leaves  most  likely  to  be 
encountered  in  adulterated  tea  is  also  veiy  desirable,  and  will  facilitate 
their  identification.  To  discover  foreign  leaves  in  a  more  or  less  entire 
state,  the  tea  should  be  infused  in  boiling  wat«r  for  a  few  minutes  and 
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all  suspicious  pieces  spread  out,  and  the  characters  visible  with  the 
naked  eye  compared  with  those  of  the  tea-leaf.  Furthermore,  portions 
of  any  suspected  leaves  should  be  examined  with  the  microscope  on 
both  the  upper  and  under  sm-face.  For  the  detection  of  foreign  leaves 
when  reduced  to  the  state  of  dust  the  microscope  must  be  resorted  to, 
and  if  lie-tea  is  examined,  the  masses  of  which  it  is  composed  are  to 
be  disintegi-ated  by  means  of  hot  water,  and  the  fragments  of  leaf  thus 
liberated  diligently  and  carefully  examined  with  that  instriunent. 

In  searching  for  foreign  leaves  it  will  occasionally  happen  that 
other  extraneous  vegetable  substances  are  met  with,  especially  paddy 
husk  or  the  husk  of  rice. 

II.  Detection  of  exhausted  iea-^eflDes.— Exhausted  tea-leaves  are 
rarely  used  without  being  subjected  to  a  special  process  of  preparation. 
Of  course  they  are  re-diied,  but  in  addition  thev  are  generally  mixed 
with  a  solution  of  gum,  to  restore  something  of  the  appearance  natural 
to  them  m  their  unused  condition.  But  when  thus  re-diied  and  treated 
it  IS  not  difficult  to  discover  by  the  eye  alone  that  they  have  been 
used  before.  Thus,  the  fold  or  roll  of  the  leaves  is  less  reo-ular 
and  imiform  than  that  of  imused  tea,  and  many  flat  pieces  of  leaves 
occur,  the  surfaces  being  often  agglutinated  together. 

Again,  the  gummed  leaves  present  an  unnaturally  glossy  appearance. 

In  doubtful  cases,  however,  a  chemical  analysis  will  be  requu-ed— 
that  is  to  say,  the  percentage  of  extractive  matter,  with  the  proportion 
of  tannm  and  especially  of  giun,  must  be  determined.  The  weioht 
of  the  ash,  and  particularly  that  portion  of  it  soluble  in  water,  will 
also  aftord  useful  data.  In  imused  tea  the  proportion  of  extractive 
matter  is  on  an  average  in  black  tea  33-85  and' in  green 41-20  percent 
The  amoimts  of  tannin  and  gum  will  of  course  vaiy  with  the  extrac- 
tive matter,  but  a  black  tea  furnishing  33-25  extractive  matter  will  be 
found  to  yield  about  15-2  tannin  and  5-7  gum.  In  adulterated  teas, 
however,  aU  these  constituents  are  of  com-se  greatly  reduced,  and  in 
some  cases  even  amount  only  to  a  very  few  percentao-es. 

For  the  composition  of  genuine  and  unused  black  and  ffi-een 
teas  the  reader  is  refen-ed  to  the  analyses,  abeady  given,  and  we  now 
subjoin  original  analyses  of  two  teas  not  absolutely  exhausted,  but 
femmr-^-^      without  selection  from  the  teapots  of  two  different 

I. 

Used  tea-leaves,  from  a  family  teapot:— 

Total  extractive  matter      .      .  7-20  containing 

^""i.   4-66 

^-•np-n   trace 

Theme   l-Og 

Soluble  ash  of  leaves  .  .  .  2-86 
Insoluble  nsh  of  leaves  2-91 

Nitrogen  of  leaves       .  ;    3-10%  =17-85  of  albuminous 

matter,  minus  the 
nitrogen  of  theine. 
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2  teaspoonfiils  of  tea,  1 J  breakfast  cup  of  infusion  :— 

containing 


Total  extractive  matter 

.    15-]  5 

Theine        .       .       .  . 

.  1-20 

Tannin  .... 

.  2-G5 

Gum  

.  8-39 

Soluble  ash  of  leaves  . 

.  1-88 

Insoluble  ash  of  leaves  . 

.  2-42 

Nitrogen  of  leaves 

.  3-36% 

matter,  minus  the 
nitrogen  of  theine. 

But  exhausted  and  re-dried  leaves  Lave  been  in  former  years  occa- 
sionally found  to  be  mixed  with  sulphate  of  iron.  They  are  also  some- 
times faced  in  imitation  of  gi-een  tea.  The  sulphate  of  iron  -would,  of 
course,  be  present  in  any  solution  made  from  the  leaves,  and  both  the 
sulphuric  acid  and  the  iron  might  be  estimated  in  the  ash.  For  the 
estimation  of  these  see  pp.  85  and  111,  and  for  the  detection  of  the 
facing  the  reader  is  referred  to  Section  V.,  p.  141. 

III.  On  the  detection,  of  lie-tea  — The  detection  of  lie-tea  is  by  no 
means  difficult.  Formerly  samples  were  commonly  to  be  met  with 
consisting  wholly  of  lie-tea  made  up  in  imitation  of  a  variety  of  other 
teas,  black  and 'green,  especially  gunpowder;  but  now  it  is  found 
only  intermixed  with  other  teas,  especially  with  those  above  referred 
to.  For  its  detection  a  portion  of  the  tea  shoidd  be  spread  out  on  a 
sheet  of  paper  and  examined  with  a  lens,  and  all  suspicious  particles 
removed.  The  little  masses  of  lie-tea  consist  of  tea-dust,  and  some- 
times other  substances,  agglutinated  together  with  a  solution  of  starch ; 
the  masses  so  formed  usually  present  a  very  different  appearance  to 
the  ej^e  in  texture,  form,  and  weight  to  portions  of  the  tea-leaf  itself, 
and  by  these  characters  they  may  be  readily  distinguished  by  a  person 
once  accustomed  to  their  appearance  without  any  further  exammation. 
But  should  there  be  a  doubt,  this  is  at  once  solved  by  poming  upon  the 
masses  a  little  boiling  water,  when,  if  they  consist  of  leaves,  they  will 
quickly  unfold  and  expand,  whereas,  if  of  lie-tea,  they  will  break  down 
and  become  disintegrated,  leaving  a  dirty  residue,  in  which  mmute 
particles  of  the  tea-leaf  are  \asible.  ■,      j  ^i. 

But  lie-tea  is  usually  admixed  with  quartz  or  sand,  and  very  olten 
with  magnetic  oxide  of  iron.  If  any  of  these  substances  be  present, 
and  one  of  the  little  masses  be  placed  between  the  teeth,  it  wUl  feel  gritty ; 
and  if  the  finger  be  pressed  upon  them  when  rendered  soft  by  the  action 
of  hot  water,  tlie  sand  or  other  mineral  matter  will  be  at  once  felt. 

For  the  separation  and  estimation  of  the  above  three  substances 
processes  have  already  been  given  (see  p.  Ill),  while  for  the  detec- 
tion and  determination  of  the  facing  the  reader  is  refen-ed  to  Section  \  . 

The  weight  of  the  ash  of  lie-tea,  after  deducting  the  normal  per- 
centage of  ash  of  tea,  namely,  6  per  cent.,  gives  roughly  the  amounc  ot 
the  mineral  adulterants  contained  in  the  lie-tea. 
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fn.  fJi  ^f^'^i'l''  of  quartz,  mnd  and  magnetic  oxide  of  iron.- A  process 
for  the  estimatiou  of  the  first  two  of  these  has  ah-eady  been  S 
under  the  head  of  'Analysis  of  the  Ash/  and  is  the  sCe  as^S 
for  sihca,  as  also  a  process  for  the  determination  of  the  iron    But  the 
magnet  forms  a  very  valuable  means  whereby  not  only  the  presence  of 
magnetic  oxide  of  iron  in  tea  may  be  determined  bnt  ftf  f 
ascertained  with  considerable  accuracy    Foi   h  rpiV^wS'T^^ 
Jiiant  ty  of  tea  must  be  pulverised  in  a  ilS   affii  tie  by  gttle 
tiie  whole  of  the  magnetic  oxide  removed  by  a  m'agnet  This^obS 
is  thus  effected.    A  few  grains  of  the  powder  are  snread  on  «  !l,.T  J 
white  paper, themagnetbeingdrawn  alongitsldrrsSe  'o  lono  nf 
paiticles  are  attracted,  and  which  shoulf  be  blight  to  i  ^  of  t?;I 
P^'-^wi,  Tlie  mag-netic  oxide  thus  obtained  is  more  oi  less  SniS 
with  the  dust  of  the  leaves,  which  is  e-ot  rirl  ,.f  V,  ^   ^ess_  intermixed 
or  by  the  action  of  a  solution  of  cl^sti^  J^Jh^^AT^^^^ 
perhaps  a  more  complete,  method  of  separation  rto^^lntj^  '''  ^"'^ 
into  the  powdered  tea  so  long  as  anyScli^a^^^^^^^ 
to  subject  them  to  incineration.      ^  P^^^^^^'^s  adheie  to  it,  and  then 

ma^er^Ii^ofl^X^i^;^^^^^^^^  ^^^P-J-^es  of 

oxidation  urdess  subjected  to  a^^y  It^aXrl^S^^^ 

V.  On  the  detection  of  the  facina  of  %n     A=  i.  °  i 
stated,  a  variety  of  substances  aiTZo4d^7^e  ^'J^^^^^^J 

wMch  itaeK  consists  of  diS^a^&^t^d  t„f  °' 

and  even  yeUow  green.  ^     '  ^^^^^  to  hnght 

A-J^t^^^''^'''^  substances  above  referred  to 

difficult,  but  the  first  thing  to  determine  is  wW?f  1  .    •  ^  °° 
coloui-ed  or  not.    For  thk  JSse  several dfff^^^^^^^^     tu'  f 
pursued.    A  few  of  the  leaACE  £        different  methods  may  be 

the  micro.scope  with  a  Sass  oT^^e  inch''^^^^  "^i  ^j^^*^  ^^^er 
matters  entering  into  the  comnositTon  i^^^^^  ^^^^  colouring 

.  minute  specks  o'r  partictTtrglVsurf:^^^^^^^^^^  ^'"^^^  - 

1  reflecting  its  appropriate  tint  suriace  ot  the  leaves,  and  each 

:M„stra*?trhatir:eteni;«^^^^^^^     -  -  p-of 
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Or  the  dust  found  in  most  packages  of  tea  may  be  taken  and  similarly 
examined. 

Or,  lastly,  a  portion  of  tea  may  be  washed  with  cold  water,  the 
washings  being  set  aside  for  a  time,  when  the  pigmentary  substances 
thus  removed  from  the  surface  of  the  leaves  wiU  pfraduaUy  subside  to 
the  bottom  of  the  glass.  By  the  latter  proceeding,  carefully  carried 
out,  an  estimation  of  the  quantity  of  the  materials  employed  in  the 
facing  may  be  made. 

Having  by  one  or  the  other  of  the  above  methods  determined 
whether  the  samples  be  faced  or  not,  the  next  step  is  to  ascertaia  the 
nature  of  the  substances  used. 

Ferrocyanide  of  iron  or  Prussian  blue. — The  blue  colouring  matter 
employed  by  the  Chinese  almost  always  consists  of  Prussian  blue  or 
indigo,  but  generally  the  former.  The  jPrussian  blue  may  be  recognised 
under  the  microscope  by  the  angular  form  of  the  fi-agments,  their 
brilliant  and  transparent  blue  colom*,  and  by  the  action  of  a  drop  of 
liquor  potassse,  which  quickly  destroys  the  blue,  turning  the  fragments 
of  a  dull  reddish  tint,  the  original  colour  being  restored  on  the  addi- 
tion of  dilute  sulphmic  acid.  The  re-agents  may  be  readily  applied 
in  very  minute  quantities  to  the  smallest  fi-agments  of  Prussian  blue 
visible  in  the  field  of  the  microscope ;  the  caustic  potash  decomposes 
the  ferrocyanide  of  iron,  forming  ferrocyanide  of  potash  and  oxide 
of  iron.  On  the  addition  of  the  acid,  sulphate  of  potash  is  formed, 
and  the  hydroferrocyanic  acid  again  unites  with  the  iron,  the  oxygen 
of  the  iron  uniting  with  the  hydrogen  of  the  latter  acid  to  form  an 
atom  of  water. 

If  a  quantitative  determination  of  the  ferrocyanide  of  iron  present 
be  required,  an  ounce  or  two  of  the  tea  should  be  washed  in  water  to 
remove  the  facing ;  the  washing  should  be  set  aside  until  this  has 
subsided,  it  should  then  be  collected,  burnt,  and  the  ash  treated  in 
the  manner  already  described  (p.  Ill),  imder  '  Iron.' 

On  the  detection  of  indigo. — This  substance  is  distinguished  under 
the  microscope  by  the  granular  texture  and  greenish-blue  tint  of  the 
particles,  but  chiefly  by  the  fact  that  the  coloiu'  is  not  discharged 
by  liquor  potassse  at  ordinary  temperatiu'es.  For  the  purpose  of 
obtaining  it  in  any  considerable  amount  two  or  three  ounces  of  the 
tea  must  be  washed,  and  the  same  proceeding  adopted  for  separating 
it  as  in  the  case  of  Prussian  blue.  If  obtaiued  free  from  any  large 
admixtm-e  with  tea-dust,  it  may  be  chemically  identified  by  its  fur- 
nishing a  deep  blue  solution  with  fuming  sulphm-ic  acid,  which 
solution,  after  dilution  with  water,  is  bleached  by  chlorine  and  per- 
manganate of  potash  ;  or  by  placing  the  dried  powder  in  a  test-tube 
and  subjecting  it  to  the  action  of  heat,  when  the  indigo  will  sublime 
as  a  violet  vapour,  which  will  condense  in  the  cool  part  of  the  tube, 
forming  beautiful  needles. 

But  the  best  method  of  identifying  indigo  is  based  upon  the 
fact,  that  it  yields,  on  heating  with  caustic  potash,  aniline,  which 
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may  readily  be  detected  by  its  strilring  a  beautiful  magenta  colour 
with  hypocboride  of  lime  or  bleaching  powder.  For  the  success  of 
this  test  it  is  necessary  that  the  indigo  should  be  but  little  contami- 
nated with  organic  matter. 

A  method  of  quantitative  estimation  might  be  founded  upon  its 
propeity  of  being  destroyed  and  decolorised  by  a  solution  of  perman- 
ganate of  potash.  For  this  purpose  a  solution  of  indigo  and  sulphuric 
acid  of  known  strength  should  be  made ;  it  should  be  determined  by  ex- 
periment how  much  of  a  solution  of  permanganate  would  be  required 
for  its  discoloration.  The  indigo  obtained  from  a  weighed  quantity 
of  tea  is  then  dissolved  by  means  of  sulphuric  acid,  and  the  amount 
of  permanganate  solution  necessary  to  its  complete  discoloration  is 
likewise  estimated.  Thus  all  the  data  would  be  obtained  which  are 
necessary  for  the  calculation  of  the  amount  of  indigo  present  in  the  tea. 

On  the  detection  of  turmeric. — The  microscope  is  the  only  means 
of  identifying  turmeric.  It  consists  of  characteristic  yellow  cells,  of 
a  rounded  form,  which  are  filled  with  starch  granides  of  a  peculiar 
shape.  _  The  cells  on  the  addition  of  an  alkali  turn  brown,  swell  up,  and 
the  outlines  of  the  large  starch  granules  become  visible  (see '  Tm'meric '). 

On  the  detection  of  black  lead. — The  jet  black  glossy  and  metallic 
lustre  imparted  to  substances  coated  with  this  material  is  so  charac- 
teristic as  to  serve  in  most  cases  for  its  identification.  Apart  from 
the  evidence  afibrded  by  the  eye  alone,  it  may  be  detected  in  other 
ways.  If  a  thin  slice  be  removed  from  the  surface  of  one  of  the  leaves 
faced  with  this  substance,  and  placed  under  the  microscope,  it  will  be 
seen  to  be  thickly  studded  with  numerous  black  particles. 

_  Again,  if  one  or  two  teaspoonfuls  of  black-leaded  tea  be  infused  in 
boiling  water,  the  liquid  will  in  many  cases,  where  the  quantity  of 
facing  is  considerable,  acquire  a  blackish  hue,  and  on  evaporation  the 
bottom  of  the  vessel  containing  it  will  be  found  to  exhibit  the  dark 
shining  and  characteristic  coating  of  black  lead.  ' 

Another  method  will  be  to  pass  the  washings  through  a  weio-hed 
filter,  which  wiU  retain  the  black  lead  which  may  then  be  estimated. 

_  Black  lead  consists  principally  of  carbon,  vnth  a  variable  amount"  of 
oxide  of  iron,  usually  about  5  per  cent. 

On  the  detection  of  China  clay.— The  matter  entering  into  the  facing 
of  the  tea  must  be  removed,  asafready  pointed  out,  by  rapidly  washino^ 
with  cold  water,  and  then  obtained  from  the  washings  by  subsidence 
The  deposit  must  be  dried,  ignited,  weighed,  and  tested  first  qualitatively 
and  then  quantitatively  if  required,  which  it  rarely  will  be  for  silica 
and  alumma,  its  two  principal  constituents.  In  this  case,  as  in  that  of 
silicate  of  magnesia  or  soapstone,  it  will  be  necessary  to  fuse  the  powder 
w^th  carbonate  of  potash  to  effect  its  decomposition  and  the  formation 
of  a  soluble  silicate. 

_  On  the  detection  of  silicate  of  magnesia  or  soapstone.— The  powder 
18  collected  and  decomposed,  as  before  described,  and  tested  for  silicic 
acid  and  magnesia. 
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The  detection  of  salphate  of  lime  or  gypsum.— The  leaves  of  tea, 
especially  those  from  Assam,  are  sometimes  dusted  over  with  sulphate 
of  lime,  and  this  when  no  other  colouring  substances  are  employed. 

The  sulphate  muat  he  separated,  as  before  described,  and  the  asn 
treated  with  hydrochloric  acid;  in  the  solution,  after  dilution  vnth 
water,  the  sulphuric  acid  and  the  lime  may  be  detected  and  esti- 
mated as  follows  :-One-half  of  the  solution  is  heated  to  boilinp 
chloride  of  barium  is  added  ;  this  throws  down  the  sulphuric  acid 
as  sulphate  of  barimn,  which  is  coUected  on  a  filter,  incinerated  and 

"^"'T^the  other  half,  neutralised  with  ammonia  and  then  acidulated 
with  acetic  acid,  a  solution  of  oxalate  of  ammonia  is  added,  whereby 
The  lime  is  precipitated  as  oxalate  of  lime,  which  may  be  coUected  and 
weio-hTd  diJectl/or  after  its  conversion  into  carbonate  by  mcmeration, 
nr  better  still,  into  sulphate  of  lime. 

'  Various  other  substLces  have  been  met  with,  m  years  past,  enter- 
ing into  the  facing  of  t^as  of  British  fabncatton.  feveral  of  the^ 
have  been  already  referred  to.  Others  are  Dutch  pmk,  which  consists 
of  a  yellow  vegetable  substance  in  combination  with  chaUc ;  liosep"^, 
composed  of  logwood  in  combination  with  carbonate  of  lime  or  chaU. 
carbonate  of  Ume,  and  cmWe  ./  magne^a  ^I'^.^^^J^J^^Ji 
thing  to  meet  with  the  two  first-named  pigments  that  it  unuece.sary 
to  afiude  to  them  any  further,  while  the  processes  for  the  detection  and 
estSadon  of  thTcaionates  oi  lime  and  magnesia  are  too  well  known 
to  Ted  any  description  in  this  place.  Moreover,  processes  will  be 
found  given  elsewhere  m  this  work. 
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CHAPTER  V. 
COFFEE  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Chicory  or  any  other  foreign  vegetable  or  any  mineral  substance. 

The  beverage  cof^e  consists  of  an  infusion  in  boilino- water  of  tBe 
roasted  seeds  oiCoffea  Arabian,  which  belongs  to  the  n^tSrllovL  ltn^-. 
ace<s  a  plant  indigenous  in  Southern  Abyssinia 

EUis  gives  the  following  description  of  the  coffee-tree  :— "This  tree 
when  in  good  health  and  Ml  grown,  attains  a  he  ght  in  some 
coimtries  not  exceeding-  8  or  10  feet,  but  in  others  avSL  fromTs 

foliage    It  IS  sown  m  nm-series,  transplanted  When  about  six  n^onths 
old,  m  three  yeai^  comes  into  fuU  bearing,  and  in  favoumble  cTc^m 
stances  wiU  continue  to  bear  for  twenty  years.    It  deu4ts  in  aX 
soil  and  warm  situation;  its  flowers  are  nalf^  wWfT  ? o 
rapidly  fading.    Its  fruit  is  like  thlt  of  tTe  cfty-li%^TSj^^^^^ 
clusters ;  withm  the  fruit  are  the  seeds  or  berries.^  On  d™l  ?Wed 
parts  the_  hemes  are  smaller  and  have  a  better  flavoiZbTbSs  of 
aU  sizes  improve  in  flavour  or  ripen  by  keeping."    The  seeds  are 
separated  by  bruising  with  a  heaJy  roUer,  ^asSd,  and  dSd  and 
lastly,  freed  from  their  paperiike  coating    The  aeed^  imnrnr.c.lT  '  ^iJ 
berries  of  Arabian  or  Mo?ha  coffee  hav^  a  mor?  ac^e3?T^^^^ 

pointed  ;  those  of  Java  or  Fa^t  Tr^^l^n^^;^  ,  extremities 
yeUow;  'while  those  of  Cevl^  -^^^^^  lai^er,and  of  a  paler 

possess  a  bluish  orgi-eenisS  tL  ^l  T  Tl  '^^^^ 
rarely  imported.    O^casionaC  h  ^"^^  fruits  or  berries  are 

endocarp,  or  busks,  are  Tt  wlk^  i^^^^^^^^^       seeds  contained  in  their 
years  the  important  f^t  has  belr,  1TT'^'''^\J^'^^'''       ^^s*  ^w 
to  a  certain  extent  m^y  of  thfLw"  "T?  P«««ess 
been  proposed  to  employ  ?hem  iHif     'V^'  ''l^'  ^ 
in  the^Ea^stem  ArchUgt^nd'es^tiS  ^^"^ 
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Mr.  Ward,  resident  for  many  years  in  Sumatra,  states  that  *  as  a 
beverage  the  natives  universally  prefer  the  leaf  to  the  berry,  gi\'ing  as 
a  reason,  that  it  contains  more  of  the  bitter  principle  and  is  more 
nutritious.  In  the  lowlands,  coffee  is  not  planted  for  the  berry,  not 
being  sufficiently  productive,  but  for  the  leaf.  The  people  plant  it  round 
their  houses  for  tneir  own  use.  It  is  an  undoubted  fact  that  every- 
where they  prefer  the  leaf  to  the  berry.' 


THE  COMPOSITION  Or  COPITIE. 

The  following  substances  have  been  ascertained  to  enter  into  the 
composition  of  the  raw  coffee-seed: — Gum,  sugar,  fat,  resin,  volatile 
oil  or  cafeone,  tkeine,  cafeic,  or  caffeo-tannic  acid  and  cellulose.  The 
subioined  quantitative  analyses  are  by  Schrader  and  Payen: — 

.  Eaw  Coffee.   Roasted  Coffee. 

Schrader.  Schriider. 

Peculiar  caffeic  principle      ....  17-58  12-50 

Gummy  and  mucilaginous  extract       .      .  3-64  10-4-2 

Extractive   0-62  4-80 

Fatty  oil   0-52  \  g.QS 

Resin   0-41  J 

Solid  residue   fi6'66  68-/5 

Loss,  water   10-57  1'54 

PayerHs  analysis  of  Raw  Coffee. 

Cellulose   _  •  34-00 

Hygroscopic  water  

Fatty  substances   10  to  W-OO 

Glucose,  dextrin,  and  undetermined  acid     .      .  15-50 

Legumin,  gluten   lO'OO 

Caffeate  of  potash  and  caffeine     .      .      .      .  o'o  to  5-00 

Kitrogenous  substance   3-00 

Free  caffeine   0-80 

Concrete  essential  oil   O-OOl 

Aromatic  fluid,  essential  oil   O'OO'- 

Mineral  substances  

It  will  be  observed  that  the  analysis  of  Payen  is  much  more  com- 

Slete  and  definite  than  those  of  Schrader  ;  but  we  have  considered  it 
esirable  to  institute  the  original  analyses  of  the  raw  and  roasted  coffee- 
seed  given  below : — 


Raw  Coffee.  Roasted  Coffee. 


Water  

Cane-sugar       .    ■  • 

Caffeine  

Fat  

Gluten  .  .  •  •  • .  ;  V 
Extractive  (caramel,  gum,  tannm,  &c.,) 

Cellulose,  &c  

Ash  


8-26 

0-36 

8-18 

1'84 

1-10 

1-06 

11-42 

8-30 

10-68 

12-03 

14-03 

26-28 

42-36 

44-96 

3-97 

5-17 

100-00 

100-00 
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It  will  be  seen  from  the  above  analyses  that  the  amount  of  caffeine 
is  nearly  as  great  in  the  roasted  as  in  the  iinroasted  berry.  It  is  pos- 
sible, however,  that  in  those  cases  in  which  the  roasting  i«  carried  to 
a  high  point,  and  the  beans  are  much  caramelized,  a  moi-e  appreciable 
reduction  in  the  cafteiae  would  take  place.  It  will  be  further  observed 
that  the  amount  of  fathj  matter  is  likewise  greatest  in  the  unroasted 
beiTv.  This  result,  although  contrary  to  that  of  other  chemists,  is  yet 
only  in  consonance  vsdth  what  might  have  been  reasonably  expected, 
since  part  of  the  oil  undoubtedly  becomes  broken  up  and  chemically 
changed  in  the  process  of  roasting.  The  difference  in  the  amoimt  of 
oil  obtained  by  Von  Bibra  and  other  analysts  is  so  great  that  he  was  led 
to  the  very  strange  conclusion  that  the  oil  was  formed  in  some  mysterious 
manner  in  the  act  of  roasting  ;  but  the  real  explanation  lies  in  the  tough 
and  horny  character  of  the  um-oasted  bean  itself,  rendering  it  almost 
impossible  to  reduce  it  to  the  fine  powder  necessaiy  to  ensure  the  ex- 
traction of  all  the  fatty  matter  by  means  of  ether.  This  difficulty  we 
have  succeeded  in  overcoming  by  rasping  the  dried  berries  with  ft  fine 
file.  In  this  way  we  obtained  an  almost  impalpable  powder,  which, 
however,  should  be  completely  dried  before  adding  the  ether. 

Accordino:  to  Stenhouse,  coffee  beans  contain  about  12  per  cent,  of 
fat.  Von  Bibra  obtained  from  roasted  Mocha  coffee  8'8  and  9'3  per 
cent.,  and  from  Java  coffee  8'9  to  9'2  per  cent,  of  oil. 

We  append  a  table  of  estimations  of  fatty  matter  in  coffee  made 
by  ourselves  :— 

Coffee   ......  8-42 

»  8-65 

Mysore  coffee      ....  8-24 
East  India  coffee  ....  6-10 
Jamaica      „      .      .      .      .  7-88 
»  M      .      .      .      .  8-30 

n  »    (unroasted)       .  10-47 

Average      .  8-29 

'  Tbe  fat  extracted  by  ether  has  the  consistency  of  cocoa-butter, 
and  exhales  the  peculiar  aroma  of  coffee,  which  appears  to  be  produced 
from  the  volatile  oil  of  the  raw  beans  by  roasting  ;  by  boiling  the  fat 
with  water  the  aroma  is  driven  off.  The  fat  is  a  mixture  of  several 
glycerides,  some  of  which  are  likewise  soluble  in  alcohol.  It  appears  to 
contain  olein  and  palmitin,  together  with  resin  and  some  hydrooarlDon, 
perhaps  also  other  bodies.  The  ethereal  extract  likewise  contains  the 
•whole  of  the  free  caffeine,  and  a  body  which  colours  iron  salts  greenish, 
precipitates  lead  salts,  and  reduces  gold  and  silver  salts '  (Watts). 

Messrs.  Graham,  Stenhouse,  and  Campbell  state  that  raw  coffee  con- 
tains as  much  as  from  0  to  7  per  cent,  of  cane-^sur/ar.  We  have  found 
over  8  per  cent.  This  is  either  entirely  destroyed  in  the  roasting,  or  it 
rarely  exceeds  1'12  percent.  The  same  authorities  give  the  nitrogen  in 
roasted  coffee  aa  ranging  between  2-6  and  3  per  cent.    Watts '  gives 
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tlie  proportion  of  iiitrop:en*  in  roasted  coffee  at  about  2-75  per 
cent.,  and  states  that  leas  than  2  per  cent,  of  nitrogen  m  coffee  is  a 
strono-  presumption  of  adulteration  with  chicory  or  some  other 
root."  He  gives  the  nitrogen  in  foreign  raw  chicory  as  1-51  per  cent., 
in  the  roasted  root  1-42  per  cent.,  while  English  chicory  gave  in  the 
raw  state  1-86,  and  in  the  roasted  state  1-74  per  cent  of  nitrogen. 

The  author  has  obtained  the  following  percentages  of  nitrogen 
from  four  samples  of  coffee  : — 

Coffee  roasted 

"       )>      •      '  ' 

Jamaica  coffee  roasted  . 
„         „  green 

Average      .  2"13 


2-07 
2-14 
2-19 
2-14 


During  the  roasting  of  coffee  the  berries  swell  up,  lose  much 
water  and  become,  according  to  the  extent  to  which  the  roasting  is 
carried  from  15  to  25  per  cent,  lighter ;  the  t)eautiful  and  character- 
istic aroma  is  developed,  the  sugar  is  converted  into  caramel,  carbonic 
cxide  and  nitrogen  being  liberated.  Coffee  should  not  be  roasted  at 
a  temperatiu-e  exceeding  160°  0.        _  .      ^  • 

It  will  be  seen  that  the  three  most  important  constituents  entering 
into  the  composition  of  coffee  are  the  volatile  oil  called  cafeone ;  the  mfetc 
acid  analogous  to  the  tannin  of  tea,  and  cafeine,  identical  with  theme. 

The  cafeic  acid,  like  tannic  acid,  is  astringent,  but  differs  trom  it  in 
that  it  does  not  blacken  a  solution  of  ii-on,  but  renders  it  green,  and 
does  not  precipitate  a  solution  of  gelatine.   This  acid,  though  changed 
somewhat  by  the  roasting,  yet  retains  to  some  extent  its  astringent  pro- 
perties    Like  quinic  acid,  caffeic  acid  yields  qumone  when  the  syrupy 
extract  of  coffee  is  mixed  in  a  retort  with  binoxide  of  manganese  and 
sulphuric  acid,  and  the  mixture  subjected  to  distillation.   The  qmnone 
Basses  over  into  the  receiver  in  the  form  of  yellow  crv-ptels,  as  weU  as 
in  that  of  abrig-htyellow  liquid  containing  qumone,  with  much  ionmc 
acid-  quinone  is  distinguished  by  its  acnd  odour,  resembhng  that  of 
chlonne;  with  ammonia  Its  solution  gives  a  sepia-black  colour,  con- 
verted into  reddish-brown  by  sulphuretted  hydrogen,  and  discharged 

"feexSff'mcoffee  partly  in  the  free  state,  and  In  part  combined 
^th  tie  caffeo-tannic  acid.    It  resembles  in  its  colour,  crystallisation, 
solubility  in  water,  alcohol  and  ether,  and  in  being  precipitated  from 
■    its  aqueous  solution  by  tannin,  the  identical  pnnciple  theme. 

ie  total  amount  of  caffeine,  both  free  and  combined,  m  coffee^is, 
according  to  Paven,  about  1-736  per  cent.  This  amount  is  highei 
than  that  obtained  by  other  chemists ;  Parkes  puts  it  down  as  1-81 
per  cent.  The  average  of  Boutron's  and  Robiquet's  analysis  gave  onlj 
0-238  per  cent,  of  caffeine. 
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Messrs.  Graham  and  Stenhouse  obtained  from  five  difi'erent  samples 
ot  raw  coftee  the  following  amoimts  of  caffeine :— 


Native  Ceylon 
» 

Plantation  Ceylon 
»  »  • 

Average 


0-80 

0-  80 

1-  01 
0-54 
0-83 

0-80 


We  have  found  the  foUowing  amounts  in  seven  determinations 

Caffeine. 


Coffee 
»» 

Mysore  coffee 
Cej'Ion  „ 
Plantation  „ 
Jamaica  „ 

green  coffee 


Average 


1-46 
1-74 
1-20 
1-14 
1-39 
1-06 
I-IO 

1-30 


mn<53'i!.-''PPifT*^^*  ^•''^^^^"^  somewhat  more  than  half  as 

2  ?er  ^nl        '  "^^'"^  ^'iiishes  an  average  of  over 

a,  ^y^I"  t^^*'  ^eJ^Jit  for  weight,  tea  yields  about  twice 

as  much  theme  as  coftee  does  to  the  water  in  which  it  is  infused,™ 
aswegeneraUy  use  a  greater  weight  of  cofi^ee  than  we  do  of  tea  in 
Toff^  our  beverages  a  cup  of  cofi^ee  of  ordinary  strength  wiS 
probably  contam  as  much  theine  as  a  cup  of  ordinary  En-lish  tea 

aTu^Tftsrs ^-^^^   -  Je^:. 

^TlXZ^^^^,  a-f r-^iKet^^^^r 

pret?t"nl  ^^^^^  nitrogenoufsXtres 

present  in  the  berry  The  two  subjoined  analyses  serve  to  show  th« 
comparative  composition  of  the  roasted  coffee  beiTy  aSThrteSlelf :_ 

Water. 

Gum  and  sugar  . 
Gluten 
Theine 

Fat  and  volatile  oil 
Tannic  acid 
Woody  fibre 
Ash  . 

The  above  analyses  must  not  be  relied  upon  for  any  other  purpose 


Tea. 

Coffee. 

Mulder. 

Payen. 

6-0 

12-0 

21-0 

15-5 

25-0 

13-0 

0-5 

0-75 

4-0 

13-0 

15-0 

5-0 

24-0 

34-6 

5-5 

6-75 
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than  that  of  a  general  comparison.  It  will  be  seen  that  the  theine  is 
much  imderstated  in  the  tea. 

The  proportion  of  sohMe  matter  obtained  from  colfee  is  increased 
by  strong  roasting.  According  to  Cadet,  coffee  roasted  to  a  red-brown 
colour  yields  12-3  per  cent.,  chestnut-brown  coffee  18-5  per  cent.,  and 
dark  brown  23-7  per  cent,  of  extractive.  Payen  obtained  37  per  cent. 
Lehmann  found  in  roasted  Java  coffee  21-5,  while  Vogel  found  in  the 
raw  beans  only  25  per  cent.,  but  in  the  roasted  39  per  cent. 

The  author  has  obtained  the  following  percentages  of  extractive 
matter  from  various  samples  of  coffee  : — 


Extractive  Matter. 


Coffee 


Mysore  coffee  . 
East  India  coffee 
Jamaica  „ 


Average 


25-13 
23-17 

29-  34 

30-  64 
30-38 
29-43 

28-01 


Paries  states  that  it  ought  to  yield  from  30  to  35  per  cent,  of  ex- 
tractive. „      ™  -L,  • 

The  leaves  of  coffee.— The  dried  leaves  of  coffee  resemble  m  com- 
position to  a  considerable  extent  the  hemes,  and  hence  they  are 
employed  as  a  substitute  for  coffee-seeds  and  for  leaves.  A  sample 
of  the  leaves  dried  at  rather  a  high  temperatm-e  was  examined  by 
Stenhouse  ;  they  were  found  to  contain  1-2  per  cent,  of  caffeine,  and 
2-1  per  cent  of  nitrogen,  and  a  lai-ger  proportion  of  caffeo-taunic  acid 
than  the  beans.    They  yielded  to  water  38-8  per  cent,  of  extractive 

matter.  ,        .      .  .•■ 

As  with  tea,  it  is  important  to  determine  m  some  cases  tlie 

amount  and  composition  of  the  ash  fm-nished  by  coffee. 

The  percentage  of  the  ash  is  shovra  in  the  following  table  :— 


Mineral  Matter. 
Coffee  


Mysore  coffee 
East  Indian  „ 
Jamaica  „ 

Average      .      4-56  3-49 

The  soluble  portion  of  the  ash  consists  chiefly  of  phosphate  and 
carbonate  of  potash.  In  the  case  of  chicorj^  the  proportion  of  soluble 
ash  is  much  less  than  in  coffee ;  while  three-fourths  of  the  ash  are 
soluble  in  the  one  case,  about  two-fifths  are  so  in  the  other. 


Total.  Soluble. 

4-76  — 

4-50  — 

4-17  — 

4-29  3-53 

4-07  3-24 

4-59  3-71 
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The  following  analyses  of  the  ash  of  coffee  are  by  Messrs.  Graham, 
Stenhouse,  and  Campbell : — 


Analyses  of  the  Ash  of  Coffee. 


Plantation 
Ceylon. 

Native 
Ceylon. 

Java. 

Costa  Eica. 

Jamaica. 

Mocha. 

Neilgherry. 

Potash 

55-10 

52-72 

54-10 

63-20 

53-72 

51-52 

55-80 

Soda 

T.iTnp 

4-10 

4-58 

4-11 

4-61 

6-16 

5-87 

5-68 

Magnesia 

8-42 

8-46 

8-20 

8-66 

8-37 

8-87 

8-49 

Ferric  oxide  . 

0-45 

0-98 

0-73 

0-63 

0-44 

0-44 

0-61 

Sulphuric  acid 

3-62 

4-48 

3-49 

3-82 

3-10 

5-26 

3-09 

Chlorine  . 

1-11 

0-45 

0-26 

1-00 

0-72 

0-69 

0-60 

Carbonic  acid  . 

17-47 

16-93 

18-13 

16-34 

16-54 

16-98 

14-92 

Phosphoric  acid 

10-36 

10-60 

11-05 

10-80 

11-13 

10-15 

10-85 

Silica 

Sand 

Total  . 

100-63 

100-20 

99-97 

99-06 

100-18 

99-68 

100-04 

The  principal  peculiarities  of  the  ash  of  coffee  are  the  absence  of 
soda  and  silica,  and  the  small  quantity  of  chlorine,  and  of  sesquioxide 
of  iron,  in  all  which  respects  it  differs  remarkably  from  the  ash  of 
chicory.  Watts  states  that  the  silica  never  exceeds  0-6  per  cent.,  and 
even  this  small  quantity,  which  is  not  always  present,  probably  arises 
from  accidental  adhesion  of  sand  to  the  beans.  Chicory  ash,  on  the 
other  hand,  contains,  deducting  sand,  from  3-81  to  10-52  per  cent,  of 
silica. 

THE  PEOPEKTIES  OF  COPPEE. 

Pereira  thus  sums  up  the  properties  of  the  infusion  of  the  roasted 
coffee-seeds : — '  Roasted  coffee  possesses  powerful  anti-soporific  pro- 
perties— hence  its  use  as  a  di-ink  by  those  who  desire  nocturnal  study, 
and  as  an  antidote  to  counteract  the  effects  of  opium  and  other  nar- 
cotics, and  to  relieve  intoxication.  In  those  unaccustomed  to  its  use 
it  is  a{)t  to  occasion  thirst  and  constipation.  On  some  persons  it  acts 
as  a  slight  purgative.  It  is  occasionally  useful  in  relieving  headache, 
especially  the  form  called  nervous.  It  has  been  employed  as  a  febrifuge 
in  intermittent  and  as  a  stomachic  in  some  forms  of  dyspepsia,  and  as 
a  stimulant  to  the  cerebro-spinal  system  in  some  nervous  disorders. 
Flayer,  Dr.  Percival,  and  others  have  used  it  in  spasmodic  asthma,  and 
Laennec  says :  "  I  have  myself  seen  several  cases  in  which  coffee  was 
really  useful."    The  immoderate  use  of  coffee  is  said  to  produce 
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nervous  symptoms,  sucli  as  anxiety,  tremor,  disordered  vision,  palpita- 
tion, and  feverishness.' 

Ootfee  is  also  supposed  to  counteract  the  tendency  to  the  formation 
of  gravel  and  stone. 

The  properties  and  effects  of  coffee  are  thus  described  b}'  Professor 
Johnstone  : — '  It  exhilarates,  arouses,  and  keeps  awake.  It  coimteracts 
the  stupor  occasioned  by  fatigue,  by  disease  or  by  opium ;  it  allays 
hunger  to  a  certain  extent,  gives  to  the  weary  increased  strength  and 
vigour,  and  imparts  a  feeling  of  comfort  and  repose.  Its  physiological 
effects  upon  the  system,  so  far  as  they  have  been  investigated,  appear 
to  be,  that  while  it  makes  the  brain  more  active,  it  soothes  the  body 
generally,  makes  the  change  and  waste  of  matter  slower,  and  the 
demand  for  food  in  consequence  less.  All  these  effects  it  owes  to  the 
conjoint  action  of  three  ingTedients  very  similar  to  those  contained  in 
tea.' 

The  volatile  oil. — When  roasted  and  ground  coffee  is  distilled  with 
water  the  volatile  aromatic  oil  passes  over,  and  by  drinking  this  oil 
with  water  its  effects  may  be  ascertained.  When  the  oil  obtained  from 
two  ounces  of  coffee  is  taken  in  a  day,  it  is  found  to  produce  an  agreeable 
excitement  and  gentle  perspiration,  to  dispel  the  sensation  of  hunger 
and  to  move  the  bowels.  '  In  its  exhilarating  action  upon  the  brain  it 
affects  the  imagination  less  than  the  reasoning  powers '  (Johnston), 
When  the  dose  of  oil  was  doubled  violent  perspii-ation  came  on  with 
sleeplessness  and  symptoms  of  congestion.  Lehmann,  by  a  series  of 
careful  observations  and  experiments  on  the  mine,  ascertained  that  it 
exercised  an  effect  equal  to  that  of  caffeine  in  retarding  the  waste  of 
the  tissues. 

The  caffdc  acid. — Messrs.  Graham  and  Steniiouse  state  that  chemists 
generally  are  disposed  to  refer  the  flavour  and  peculiar  properties  of 
coffee  as  a  beverage  more  to  the  cafteic  acid,  particularly  after  that 
substance  is  moditied  in  its  properties  by  roasting,  than  to  any  other 
constituent.  The  quantity  present  is  much  less  than  the  tanniu  in 
tea,  and  consequently  coffee  does  not  retard  to  the  same  extent  the 
action  of  the  bowels,  its  operation  being  furthermore  counteracted  by 
the  volatile  aromatic  oil  which  exerts  an  aperient  tendency. 

Caffeine. — It  has  been  abeady  stated  that  the  caffeine  is  identical 
with  theine,  the  action  of  which  on  the  system  has  been  before  de- 
scribed. In  Pereira's  '  Materia  Medica  '  we  meet  with  the  following 
observations  relative  to  the  properties  of  caffeine : — '  Mulder  gave  a 
grain  to  a  rabbit ;  the  animal  ate  but  little  the  next  day,  and  aborted 
the  day  after.  Liebig  has  suggested  that  it  probably  contributes  to 
the  formation  of  taurine,  the  uitrogenised  constituent  of  bile.  According 
to  Lehmann  caffeine,  in  doses  of  from  2  to  10  grains,  causes  \'iolent 
excitement  of  the  vascular  and  nervous  systems,  palpitation  of  the 
heart,  extraordinary  fi-equency,  irregularitj-,  and  often  intermission  of 
pulse ;  oppression  of  the  chest,  pains  in  the  head,  confusion  of  the 
senses,  singing  in  the  ears,  scintillations  before  the  eyes,  sleeplessness, 
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and  delirium.  In  all  cases  an  augmentation  was  found  in  the  amoimt 
of  urea  excreted.' 

THE  ANALYSIS  01"  COrFBE. 

The  analyst  may  have  to  determine  either  the  composition  of  the 
raw  or  roasted  seed.  In  either  case  it  will  be  necessary  that  it  be  pre- 
viously reduced  to  a  fine  powder,  and  in  the  case  of  the  roasted  berry 
it  is  best  that  the  analysis  should  be  made  while  it  is  in  its  freshly- 
roasted  state. 

The  following  determinations  will  in  most  cases  be  required  to  be 
made : — Water,  fat,  sugar,  gluten,  volatile  oil,  caflfeic  acid,  theine,  and 
the  ash. 

Many  of  the  requisite  pai-ticulars  and  processes  will  be  found 
described  under  the  head  of  the  analysis  of  tea,  so  that  it  will  not 
be  necessary  to  give  them  aU  fully  in  this  place.  Thus,  the 
water  is  estimated  in  the  usual  manner  by  drying,  the  gluten  by 
the  estimation  of  the  nitrogen  by  the  combustion  process,  the  volatile 
oil  by  distillation,  the  theine  by  one  or  the  other  of  the  processes 
given  under  the  head  of  tea,  and  the  mineral  matter  by  incineration. 

But  since  the  coftee  berry  contains  so  large  a  quantity  of  oily 
matter,  it  becomes  necessary  to  filter  the  aqueous  solution  of  the  ex- 
tractive matter  prior  to  its  evaporation  for  the  estimation  of  calfeine. 

We  have  thus  only  to  describe  the  methods  for  the  estimation  of  the 
fixed  oil,  the  sugar,  and  the  cafleic  acid. 

Estimation  of  the  fixed  oil. — A  weighed  quantity  of  the  finely- 
ground  cofiee,  say  thi'ee  grammes,  is  dried  in  the  water-bath  in  a  small 
tiask  and  exhausted  by  repeated  quantities  of  ether  until  a  few  drops 
of  the  solution,  when  evaporated  on  a  slip  of  glass,  cease  to  leave  any 
residue.  The  ethereal  solutions  are  evaporated  in  a  flask,  the  weight 
of  which  has  been  determined,  after  which  the  flask  is  again  weighed, 
the  diflference  giving  the  quantity  of  fat  present  in  the  cofiee.  Or  the 
weight  of  the  exhausted  cofiee  may  be  taken,  and  the  deficiency  will  of 
course  represent  the  amount  of  fat.  Part  of  the  cafieine  is  always  dis- 
solved by  the  ether,  together  with  the  fat,  and  may  be  separated  by 
digestion  with  hot  water. 

Estimation  of  sugar.—Owing  to  the  fact  that  the  copper  solu- 
tion is  reduced  by  the  caffeic  acid,  the  sugar  after  its  conversion  into 
glucose  cannot  be  estimated  in  cofiee  in  the  ordinary  way,  but  it  must 
be  converted  into  alcohol  and  estimated  in  this  form.  About  150 
grammes  of  the  ground  coffee  are  to  be  treated  with  separate  quantities 
of  cold  or  warm  water.  To  the  solution,  after  filtration,  sufficient  yeast 
is  added  to  induce  fermentation ;  this  is  to  be  continued  for  48  hours, 
the  infusion  being  kept  at  a  temperature  of  from  27°  to  32°  0.  The 
liquid  is  to  be  distilled  nearly  to  dryness  ;  the  quantity,  as  well  as 
the  specific  gravity,  of  the  distillate  being  taken,  and  the  sugar  deter- 
mined from  the  quantity  of  alcohol  thus  formed.  92  parts  of  alcohol 
are  equal  to  180  parts  of  glucose.    Or  the  caflieic  acid  may  be  precipi- 
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tated  by  means  of  acetate  of  lead  and  the  sugar  determined  in  the 
filtrate  in  the  usual  manner  after  conversion  into  glucose  by  means  of 
dilute  sulphuric  acid. 

ON  THE  STRUCTXmE  OF  THE  COFFEE-SEED. 

Two  parts  are  to  be  discriminated  in  the  coffee  berry;  the  substance 
of  the  berry,  and  the  testa  or  covering  by  which  it  is  surrounded.  The 
berry  previous  to  roasting  is  hard  and  tough  ;  it  consists  of  an  assem- 
blage of  cells  of  an  angular  form,  which  adhere  so  firmly  together  that 
they  break  up  into  pieces  rather  than  separate  into  perfect  cells.  The 
cavities  of  these  cells  include  in  the  form  of  little  drops  a  considerable 
quantity  of  oily  matter.  (Fig.  32.) 

Fig.  32. 


Section  of  Unroasted  Coffee  Bebry,  showing  the  size  and  form  of 
the  cells,  as  well  as  the  drops  of  oil  contained  within  their  cavities. 
Drawn  with  the  Camera  Lucida,  and  magnified  140  diameters. 


The  testa  or  investing  membrane  is  made  up  principally  of  elon- 
gated and  adherent  cells,  forming  a  single  layer,  and  presenting  oblique 
markings  on  their  surfaces.  These  cells  rest  upon  a  thin  membrane 
having  an  indistinct  fibrous  structure.  Between  the  beny  and  it« 
covering  some  oily  matter  is  usually  present.  (Fig.  33.) 

The  removal  of  this  membrane  may  be  easily  efllected,  since  in  the 
act  of  roasting  it  becomes  separated  from  the  berry,  when  it  is  Iniown 
by  the  name  of  '  coffee-flights.' 

In  the  grove  or  '  raphe '  which  runs  along  each  seed,  a  few  small 
double  spiral  vessels  are  usually  met  with. 
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The  roasting  of  tlie  seed  does  not  alter  its  structure ;  the  tissues  are 
indeed  partially  charred,  hut  they  still  preserve  their  chief  charac- 
teristics. The  oil,  however,  is  no  longer  visible  in  the  cells  in  the 
form  of  minute  spherules,  it  having  become  broken  up  and  diffused  by 
the  heat  employed  in  the  process  of  roasting.    (Figs.  34  and  35.) 


Fig.  33. 


A  portion  of  the  iNVESTUfG  Membrane  of  the  Coffee  Berry,  showing  its  structure. 
Drawn  with  the  Camera  Lucida,  and  magnified  140  diameters. 


ON  THE  ABTTLTEKATIONS  OF  COFFEE. 

Some  years  since  there  were  few  articles  of  consumption  more  sub- 
ject to  extensive  adulteration,  and  this  of  the  grossest  kind,  than  coffee. 
At  the  time  when  we  first  directed  our  attention  to  the  adulteration  of 
coffee  it  was  scarcely  possible  to  procure  a  sample  of  ground  coffee,  no 
matter  what  the  price  paid  for  it,  that  was  not  largely  adulterated. 

Adulteration  vnth  chicory. — The  most  prevalent  adulteration  of 
coffee  is  with  chicory.  In  nearly  all  the  samples  examined  some  years 
since,  chicory  formed  a  large  proportion  of  the  article,  while  in  many 
instances  it  consisted  almost  entirely  of  chicory.  At  the  present 
time  coffee  is  still  much  adulterated  with  chicoiy,  while  the  compound 
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sold  with  the  lahek  now  prescribed  by  the  law—'  This  is  a  nuxture  of 
chicory  and  coffee  '—often  consists  of  little  else  than  chicory. 

Even  the  grinding  of  the  coliee  in  the  presence  of  the  purchaser 
is  said  to  be  no  certain  guarantee  of  the  genuineness  of  the  article,  as 
not  unfrequently  the  grocer  adroitly  conveys  into  the  mill,  from  a  box 
placed  close  to  it,  as  many  chicory  nibs  as  he  please3,_and  which,  omng 
to  their  resemblance  in  size  and  colour  to  coffee  hemes,  are  not  readily 
distinguished  at  a  short  distance.  . 

Even  whole  roasted  coffee  has  been  adulterated  with  chico^, 
which  in  this  case  is  compressed  into  the  form  of  coffee-seeds,  in 

Fig.  34. 


A  fragment  of  Boasted 


Coffee.  Drawn  with  the  Camera  Lucida,  and  magnified 
140  diameters. 


1850,  Messrs.  Duckworth,  of  Liverpool,  took  out  a  P^t«?\f^^^^^^ 
chico'ry  into  the  shape  of  coffee-seeds.    They  appeared  to  ^ave  W 
induced  to  do  so  in  consequence  of  the  existence  m  18o0  ot  a  ireasuxy 
Minute,  which  allowed  the  sale  of  chicory  with  coffee  without  any 

'''tt  tas'been  strenuously  urged,  in  extenuation  of  this  adnlteratio^ 
that  the  addition  of  chicory  to  coffee  is  a  gi-eat  ^?^P™;j"^^?,^-^^^^^^^ 
or^.  una mibtedlv  some  few  persons  who  do  consider  that  it  does  im 
Tovrthe  flavL,Tut  we  believe  that  the  taste  of  those  who  reaUy 
rX  the  Sure'  has  been  vitiated,  and  that  had  they  the  opportimity 
S  obtainino-  well-prepared  and  unadulterated  cofifee,  they  Wd 
speed^iy  acknowk      the  infinite  superiority  of  the  genuine  bevera^^, 
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even  as  a  matter  6f  taste.  When  tlie  relative  properties  of  coffee  and 
chicory  are  taken  into  account,  no  doubt  whatever  can  be  entertained 
'T'"^'  ^'^'"^^  5  ^^^'^^^T  being  destitute  ot  the  three 
pnme  constituents-the  volatile  oil,  the  caffeine,  and  the  caffeic  acid 
which  M  to  coffee  its  peculiar,  beneficial,  and  highly  characteris  ic 
To7n7AeTfJ'  ^ffi^^d  tl^^^t  in  France  and  if  other  continent^ 

countiies  the  use  of  chicory  is  almost  imiversal.  We  have  found  that 
m  aU  the  good  hotels  in  France  and  Germany  the  coffee  served  up  has 
been  genuine,  and  that  where  chicory  has  be'en  employed,  either  sepa- 

Fig.  85. 


This  engraving  exhibits  the  characters  ot  genuine  ground  Oofpee. 
ratelv  or  mixed  with  coffee,  it  has  been  by  poor  pei^ons  and  amouo-st 
but  nTff '  ""^^  ^on^A^rA  to  L  an  iTprovS 

i'^^^'^ore  of  economy.    Where  money  is  not  an  obiect  and 

To'^ViSn'"?  ?:5rv  ir-'^""''  ^'^^^"^  seldorhaZetuTse 
Z'r.  I  *°  improvement,  as  some  persons  consider  it 

«o  when  employed  in  certain  proporLns    Now  in  the 
^  ""^^  Iv*^-'  countiy,  it  is  met  ^^Siln  every 

ff  a^ei'tlL'S  "^'^"^^^  «^  the  articE 

?i  t    "^^if."^  ^proves  the  flavour  of  coffee  woidd  not 
warrant  its  uae  to  anything  like  this  extent. 
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It  cannot,  therefore,  be  doubted  for  a  moment  that  the  real  cause 
of  the  extensive  employment  of  chicory  in  this  country  is  that  by  its 
means  grocers  are  enabled  to  enhance  greatly  their  profits.  But  v?e  wiU 
suppose,  for  the  sake  of  argument,  that  it  is  a  decided  improvement ; 
yet  this  does  not  justify  the  sale  of  a  mixture  of  chicory  and  cottee  as 
and  under  the  name  of  coffee,  coffee  frequently  fonning  but  a  small 
percentat^e  of  the  article.  Such  a  mixture,  if  permitted  at  all,  should 
not  only  be  labelled  as  a  mixture,  but  the  proportions  of  each  ingredient 

should  be  specified.  .  •  i,x  f  +i,„ 

Few  persons  will  be  disposed  to  question  the  right  ot  the  pur- 
chaser when  he  enters  a  shop,  and  asks  for  a  particular  article,  to 
expect  that  he  will  be  supplied  with  the  article  he  demands,  and 
that  if  he  asks  for  coffee  he  will  be  supplied  with  coffee,  and_  not 
with  a  mixture  of  two  articles  in  the  most  uncertain  proportions. 
Let  the  two  substances,  therefore,  be  sold  separately  and  at  their 
respective  prices.    This  is  the  simple  and  straightforward  course  to 

^^^^  At  leno-th,  and  after  years  of  labour  and  argument,  the  Govern- 
ment was  driven  to  acknowledge  the  impropriety  of  permitting  chicory 
to  be  sold  under  the  name  of  coffee,  and  frequently  also  at  the  price  ot 
that  article,  and  within  the  last  few  years  it  Tias  been  required  that  the 
mixed  articles  should  be  sold  labelled  '  This  is  a  mixtiu-e  of  chicoi? 
and  coffee.'  But  this  regulation  by  no  means  fulfib  the  reqmrements 
of  iustice,  because  the  mixture  is  often  pahned  off  when  coffee  only 
is  asked  for,  and  because  the  proportions  of  the  ingredients  are  not 

^*^*Bat  there  Is  one  circumstance  which  bas  been  abeadv  adverted 
to  and  which  should  be  particularly  remembered  in  considering  the 
Question  of  the  adulteration  of  coffee  with  chicory-namely,  the 
Serences,  chemical  and  physiological,  which  exist  between  the  two 

^'^'affee  and  chicorp  contraMed.^Got^eB  is  the  seed  of  a  pl^nt  winch 
initsfoasted  condition  contains  essential  oil,  or 
Sffeic  acid,  each  of  these  constituents  possessing  higl  V^  importan^ 
monerties  upon  which  the  value  of  coffee  mamlv  depends.  Ohiconr 
Fs  the  Toot  If  a  plant;  it  contains  neither  essential,  oil,  ^^^^  » 
nor  an  alkaloid  analogous  to  that  of  coffee,  it  consisting  cbiefly,  when 
roasted  of  gum,  sugar,  partly  burnt  and  reduced  to  caramel,  and 
Sso  ubie  vegSable  tissue.'  Between  the  two  a.-ticles,  tbejefore,  there 
S  no  analogy  whatever,  and  in  proportion  as  the  strength  of  cofiee  is 
deduced  by  aLixture  with  chicory,  so  are  the  active  properties  of  the 

^Tfs  twttnce  of  these  active  constituents  of  coffee,  and  which 
are  contaW  in  tea,  and  also  cocoa,  which  has  led  to  the  almost 
universal  employment  of  these  articles  over  nearly  the  whole  of  the 
inhabited  portions  of  the  globe. 
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beside?  c£4'  ^  °f  other  articles 

Adulteration  mth  roasted  grain.  ~  The  adulteration  wlnr-h 
rrt'.?cr  ^'"^""'^'^  ^'^''^'^  to  that  with  c  Wy^^^^^^ 
™d  iSn'  P^'^^P^liy  but  .ye  and  roasted  ^JU  iJ", 

grouiid  into  powder,  were  also  not  unfrequently  met  ^d^th.  ' 
Adulteration  ^mth  roasted  roots.~RoM  carrots,  parmips,  and 

Pig.  SO. 


;  Sd^'SS  *=9-nt.,  employed  f„. 

Other  articles  which  have  been  aacertainpr?  fr.        \3  , 
I  purpose,  and  most  of  which  we  hTvro,?rp51       ^  "'^^/or  the  same 

(an  article  made  from  roasted  anKJ  ^^T^^^)'  ^^ffina  (fig.  36) 

^y^^t:':^:^:^^^^^^^  many 

^.Mowing  observations^*  t^^eSCt^ 
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J  V  n^.W  livprs-— 'In  various  parts  of  the  metropolis,  but  mord 

table  imitations  of  coffee.'  n Alliteration  of  coffee  in 

^'^bS  It  Ts  s^ld  to^tbe  coffee-sliop  keepers  usuallj^ 

as  ^lack  JacK.    X  sometimes  denominated/ The 

otaCTVeis,  4«Mt=f'«°K'';™/,f?W  See-seed  ivMle  .inaeriroiiig  tlie 

creased  colour  to  /^^^^f^^^^  ^ave  not  only  ourselves  oh- 

other  analogous  ^^g^^r^f  ^e  of  this  substance,  but  we  shall 
tained  repeated  evidence  of  the  u^e  ot  tm  q,,te 

;iS\he^w^?nVof  t^^^^^^^^^      ^-ra  in  reference  to  its 

^-tThettter  part  of  1850  ^^^tdX^^^^ 

Botanical  Society  of  London  on  the  adiUterat^on 

some  months  before  the  P^^^^i^^^ion  of  ^^^^^^.^  L  the  first 

<  Lancet'  on  Adultera  apn.        ^^^^^^^^^^^^^^  to  arrive  from  the  exa- 

time  the  results  at  which  ^^^^/.^^^^^^^^^^^^^^^    this  being  one  of  the' 

Ctttaf^^^^^^^^^^  " 
"i&S,  X^SfSl^  — .ere 

'^"Snt  That  chicory  was  present  in  thirty^ne  of  the  samples. 
Third,  Roasted  corn  m  tioelve.  , 

»E  t^^^^^Xntisted  of  chico. 

°"^'sixth  That  in  the  remaining  samples  the  adulteration  con- 

sisted  ofchicory  and  either  corn,  Wns,  or  potatoes. 
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Seventli,  That  in  many  instances  the  quantity  of  coffee  present  was 
very  small,  wliile  in  others  it  formed  not  more  than  one  fifth,  a  fom'th 
thu-d,  half,  and  so  on  of  the  whole  article.  ' 

On  some  of  the  foregoing  adulterated  samples  the  folio wino- 
high-soundmg  names  had  been  hestOMved :— Delicious  Coffee,  con- 
tammg  beans  and  chiconj  ;  Finest  Turkeij  Cojee,  much  chicory 
roasted  coj-n  and  very  little  coffee ;  Finest  Java  Coffee,  much  roasted 
com  and  a  little  cktcor,/ ;  Parisian  Coffee,  principallv  chicory  and 
roasted  corn;  Superb  Coffee,  principally  roasted  com  \nd  chicory 
JJelicious  Family  Coffee,  three-quarters  chicory;  Delicious  Dnnkina 
toffee,  a  large  quantity  of  chicory  and  much  roasted  corn. 
A  ^^^//J?  satisfied  that  the  gi-oss  aggregate  of  the  adulterations 
detected  did  not  amount  to  less  than  one -third  of  the  entire  bulk  of 
the  quantity  pm-chased. 

On  refeiTing  to  the  Revenue  returns  of  that  period  we  find  that 
the  sum  derived  from  the  duty  on  coffee  was  nearly  45,000/.,  an  amount 
WHICH  we  have  no  hesitation  in  saying  might  have  been  greatlv 
increased  by  vigilance  in  the  detection  of  the  adulterations  Sf  this 
important  article,  and  by  punishment  of  the  fraud,  when  detected 

bmce  the  date  above  referred  to,  the  author  has  examined  some 
Mmch-eds  of  samples  of  ground  coffee,  the  particulars  of  which  will  be 
found  recorded  m  his  work  entitled  '  Food  and  its  Adulterations.' 
Until  withm  the  last  two  or  three  years,  we  have  always  found  a 
large  proportion  of  the  samples  to  be  adulterated  :  more  recentlv 
however   the  condition  of  the  article  has  gxeatly  improved  The 
grosser  adulterations,  so  far  as  the  metropolis  is  concerned,  are  now 
much  less  frequently  practised.    The  prmcipal  adulteration  now  is-that 
with  chicory,  which  is  still  mixed  with  coffee,  and  sold  without  the 
prescribed  label  as  coffee.  This  improved  state  of  things  is  undoubtedly 
due  to  the  repeated  exposures  made  within  the  last  few  years.    But  is 
It  not  perfectly  certain,  if  these  exposures  were  to  cease,  that  matters 
would  soon  become  worse  than  before,  and  that  the  scandalous  and 
nefarious  practices  which  once  prevailed  in  the  adulteration  of  the 
ai-ticle  would  speedily  be  rife  again  ? 

.r.A^i^  adulterations  by  means  of  roasted  corn,  beans,  coffee  colourer, 
and  Venetian  red  are  altogether  indefensible,  since  the  only  tHn^  in 
common  between  most  of  these  and  coffee  is  the  colour  which  they 
yield  on  infusion  or  decoction.  ^ 

and^i3nIT'.  ''"""I  '''^l*^'^  principally  rye,,  was  largely  sold 

a^d  employed  to  make  a  beverage  which,  by  a  fiction,  was  dignified 
r^pdt  f^""'  the  chief  argument,  independent  of%rice, 

1   TaI  °/  1  supposed  nutritive  properties.    When  it 

18  recollected  that  the  starch  of  roasted  corn  is  in  part  reduced  to  the 

SuaHtir.n      .T''''^'     ^"^^  ^  perceived  that  its  nutritive 

Si  f  ^?  very  great,  and  that  a  single  mouthful  of  whole- 

W™!  T^'""^  "^""'^  nourishment  than  half-a-dozen  cups  of  a 
beverage  made  from  roasted  corn.    Although  '  roasted  corn'  is  now  no 
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loB-^er  sold  openly,  yet,  as  we  have  seen,  the  procer  has  not  failed  to 
avan  himself  of  it  for  his  own  benefit,  and  to  the  great  disadvantage  of 

*^'Thf  adulteration  of  colfee  hy  substances  so  cheap,  and  for  the 

Sci  ie  S,,,  S?»M*  iroom,  eheM,  lupin,  mnjh«er  T  3 
mi  Mim,  cip,«U,  of  box:   '  The  poorer  sorts  of  coffee-ljeam  are 

fZZ  blu.,po,o,l!r  of  mn^tree  charcoal,  f'-^'of^^'l^;^^:; 

'^'L-r^es^^ot;?^^^^^^^ 

tS  toltise  S description  of  the  method,  whereby  they  may  he 
discriminated, 

ON  THE  DETECTIOK  OF  THE  ADTJLTERATI0K8  OF  COFFEE. 
The  means  to  he  resorted  to  for  the  detection  of  the  adulterations 
of  coCare  of  three  Idnds-namely,  the  physical  characters  and 
aLearances  presented  by  adulterated  samples,  the  microscope  and 
appearances  F«««  ascertain  in  some  cases  the  general  fact 

'^4fr"™d  coffee  cakes  in  the  paperinwhich  it  isfoW^^^^^^^ 
pressed  between  the  fingers,  there  is  good  reason  for  believing  that  it 

t^rnlVr^iSffiX^^^^^^^^      are  placed  upon  sorne 
^  'TrTf  w^i?r^ass  part  floats  and  part  sinks,  it  may  be  presimied 
adTi  temted  dther  with  chico?v.  roasted  com,  or  some  other 
11  s  sSances    The  coffee  does  notimbibethe  water,  butfloats 
su£  wh  ie  the  other  substances  absorb  the  water,  and 
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1    ^^'^a'F  *°  ^^^^^  ^  portion  of  DTound  coffee  liaa 

been  added  quicldy  becomes  deeply  colofired,  it  is  L  evidence  of  the 
F^ence  of  some  roasted  vegetable  substance  or  burnt  sugarTfor  wben 
coffee  only  IS  added  to  water,  it  becomes  scarcely  coWd  foJ  lome 
ime    Agam,  not  only  does  the  solution  become  dark  coloured  kH 

ff  ifb^aZlS'^^'^T  ^""^  mucilaginous 

i  1  \  ri^'^^f'^.'"*^  substance  containing  much  o-um  and 
starch,  but  the  mfasion  of  coffee  will  be  found  thin^and  Hmpid 

T.nwt'"'7?^Ei*''  lias  more  than  three  times  the  colouring 

power  of  highly-roasted  coffee,  maize  double  that  of  coffee,  whileTaf 
wi?h  COM  the  colouring  power.    In  infosionrp  eprred 

Toffee  '  '^'''^  colouring  Jower  of 

Lastly,  if  in  a  few  grains  of  coffee,  spread  out  on  a  piece  of  dass 
and  moistened  with  a  few  di-ops  of  water,  we  are  enabLHo  pick  out 
by  means  of  a  needle,  minute  pieces  of  a  siibstance  of  a  soft  cons  sfence 
t!ifr  '^Z'^''^^^'''  adulterated  ;  for  the  particles  of  tt  cXe  seed 

to  PnT?w'.*^^'^?'^'  """^  '^"^P^^  '^^^'^^  i^to  a  mass,  quickly  fiu-nishes 
to  cold  water  a  deep-coloured  solution,  or  is  found  to  conLT  wlTn 
moistened  with  water,  soft  particles  like  those  5  bilad  crS  7hZ 
can  be  no  question  as  to  the  existence  of  adulteration  ' 
of  the  a  W  tJ^e  reverse 

By  these  general  means,  and  without  havino-  recom-se  to  <,o^Pnr.p 

trm'ilt^e'^  ^^^^-''^^^^  these  may  b:t'r:l;^tt\:; 

spelafXie'te^^^^^^^  -tituted  some 

stances  mixed  w/tTcX  these  wSl  b«  f  "^'^f  *T  ^T^^^^^ 
length  under  the  article 'oLico^  '  ^"""^^  '^^^"^^  ^  ^* 

tain^b;  meat  of  ti  n 

it  is  not  possible  bv  the  Lrn!  £T  adidteration,  but  that 

adulteratio^n  Pmclis^  tXt"^^^  «f  the 

aduWeT^bVLalTo^^^^^^^  ^^^"^^ 
specific  gra.Sy  Kr"nfln^  nr""^'  '^^'^  tJ^« 

okined  from  the  root,  ^^^o^^e  being  much  less  than  that 

irom  the  roots  and  cereals  employed  in  the  adulteration  of 

M  2 
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coffee.    But  tlie  infusions  oUained  from  the  le?'^^"^;^?,       '  ^rone 

l;tvitv  of  tS  fiW  solSn  taken,  L  foUowing  figures  represent 
tUe  different  specific  gravities :—  ^^^^  ^ 

1007-3 


Acorns  . 
Peas 
Beans  . 

Coffee  (average) 
Parsnips 
Carrots 
Maize  . 
Sye  . 
Beet-root 
Chicory  (averag;e 
Mangold-wurzel 
Bread  raspings 


1008-4 
1008-7 
1014-3 
1017-1 
1021-5 

1021-  6 

1022-  1 
1024-8 

1023-  5 
1026-3 


A  farther  means  of  distinguishing  hetween  pure  coffee  and  that 

sugar  contamed  m  them  hoth  Jefore  ^nd  ^^^e^  ^  detemined 

t  SJl:  v1^rrJLS"^t\S  th^  estimation  of  the 

alcohol  in  the  distillate.  ^    ^^^^  of 

The  sugar  i.  raw  coff^  ,^^^^^^ 

°  -r^   -ana 


Foreign  chicory 
Guernsey 
English 
Yorkshire 
Mangold-wuTzel 
Carrots  (ordinary) 
Turnips  . 
Beetroot  (red)  . 
Parsnips 


Haw. 
23-76 

30-  49 
35-23 
32-06 

23-  68 

31-  98 
30-48 

24-  06 
21-70 


Boasted. 
11-98 

16-  96 

17-  98 
9-86 
9-96 

11-53 
9-65 

17-24 
6-98 


S:^on%'rtrpS'ra^r!?ot  present  recUem.«t  had 

to  the  microscope.  and  some  other  seeds^  the  propor- 

«„/Sfti^'r=i:?ar£r«  .etW  of  diseri.i.a.io„ 

''"■iVm"tinctwe  peculiarity  of  tie  c^po^f-.^ 

JX  the  s^.u  r-i^ii^^:jrTTLT£r:^  ofupSrof 

state  Messr,.  a™>'X.„ffee  I  a  proof  of  adXration  ;  that  the  adol- 
StU°  .u4i:w hi?^  tlo  propraon  of  sUica  .ost  coo- 
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siderably  ai-e  oats  and  barley,  then  chicory  and  dandehon,  which  are 
followed  by  rye  and  wheat ;  but  tm-nips  and  carrots  would  produce  a 
small  and  less  decisive  effect.' 

^y6  presume  that  Messrs.  Graham  and  Stenhouse,  in  the  precedino- 
paragraph,  refer  only  to  the  silica  entering-  into  the  composition  of  the 
several  vegetable  substances  named,  and  not  to  that  accidentally  pre- 

Pig.  37. 


Shows  the  stractures  in  a  sample  of  Coffee  adulterated  with  CmcoEY 
a  a,  coffee ;  6  6,  chicory. 

sent,  which  in  the  case  of  chicory  and  other  roots  often  amounts  to 
several  percentages. 

^.7}^  f  "^""^^  ^''"^f  adulteration  may,  therefore,  be  determined  in  a 
variety  of  ways  ;  as,  by  the  colour  of  the  infusion,  by  its  specific  gi-avity, 
ithea'T^  ^  ^  '^^d,  lastly,  by  the  compositim 

rl^w^'^'^l"""^  'I'^'^^y  enumerate  the  articles  which  have  been 
detected  entering  into  the  adulteration  of  ground  coffee.  They  are 
roots  of  different  hnd.s,  particularly  chicory,  mangold-wurzel,  carrot 
and  parsnip  vanous  farinaceous  substances  in  the  roasted  and  powdered 
Z  fli  ^^.^^eat  and  rye  flour,  beans,  and  acorns ;  besides  these  are 
woody  hbre  or  sawdust,  burnt  sugar,  and  Venetian  red  or  redcUe. 
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We  wiU  now  proceed  to  give  tlie  methods  employed  for  the  detec- 
tion of  the  principal  of  the  above  adulterations.  . 

On  the  detection  of  cMcor!/.— Some  years  since,  an  outciy  having 
arisen  in  consequence  of  the  substitution  to       enormous  extent  of 
chicory  for  coflee,  and  the  Govermnent  being  caUed  upon  to  interiere 
the  qiiestion  as  to  whether  the  presence  of  chicory  in  gi-omid  coffee 


Fig.  38. 


chicory  root. 

T  not  bv  means  of  science  was  referred  by  the 

SLceZTS  eU:VS  oTrc  ttae  to  a  co«on  of  che^sts 
Sie  chemists  reponcd,  that  '  neither  hy  cbemistrj-  nor  In 

Se  tbaTtim:  CaSorhad  .ho.n,  iu  the  most  couctasive  uranner, 
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that  nothing  is  more  easy  and  certain  than  the  detection  of  chicory  in 
coiiee  by  means  of  the  microscope. 

The  sti-uctui-e  of  coffee  has  abeady  been  fully  described :  that  of 
chicory  will  shortly  be  considered ;  it  may  be  stated  now,  however 
that  It  diiiers  m  every  respect  from  coffee,  in  the  rounded  form  and 
easy  separability  of  its  component  cells,  and  in  the  presence  of  dotted 
ducts,  and  vam  lacticentia. 

The  differences  wiU  be  sufficiently  obvious  on  an  examination  of 
the  accompanying-  hgures. 

Detection  of  mant/olcl-wurzeL—Thia  root  differs  from  chicory  in 


fragments  of  the  coflee  beny ;  6  6,  cells  of  chicory  ;  c  c,  ditto  of  mangold-wiu-zel. 

the  very  much  larger  size  of  the  cells,  and  in  the  absence  of  milk  vessels 
or  vasa  lacticentia  (figs.  38  and  39). 

Detection  of  carrot  and  parsnip.— The  tuber  of  carrots  differs  from 
chicory  chiefly  m  the  absence  of  milk  vessels  ;  that  of  parsnip  in  the 
aosence  ol  the  same  vessels,  and  in  the  presence  in  the  ceUs  of  ret^ularly 
lormed  starch  corpuscles  of  small  size. 

On  the  detection  of  xcheat-Jlour ,  l^-c.—lt  is  generally  stated  that  the 
presence  ot  roasted  corn  or  any  other  substance  containing  a  large 
proportion  of  starch,  may  be  detected  by  the  blue  colom-  produced  on 
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the  addition  of  a  solution  of  iodine  to  tlie  cold  decoction.  \\  e  have 
not  found  this  to  he  correct  in  all  cases,  for  on  adding  lodme  to  decoc- 
tions of  five  different  coffees  ascertained  to  he  adulterated  with  roasted 
corn,  the  liquids  did  not  hecoiue  blue,  hut  almost  hlack,  with  a  tinge 
of  hrown  01- olive.  This  appears  to  arise  from  the  ohscuration  of  the 
blue  colour  developed  hy  the  iodine,  hy  the  rich  hrown  colouring 
matter  of  the  chicory-a  proportion  of  which  almost  always  accom- 
panies the  adulteration  with  corn.  This  test,  however,  is  stiU  veiy 
useful  in  some  cases,  although  it  does  not  often  give  rise  to  a  colour 


sample  of  Coffee  aduUcated  with  both  Chicory       roasted  Wheat. 
a  a,  coflee :  6  b,  chicory  ;  c  c,  wheat  floiir. 

which  can  he  called  blue.  It  should  he  known  also,  that  solution  of 
S  ne  added  to  a  cold  decoction  of  chicory  root,  deepens  the  colour  very 
Ireatly:  the  increase  of  colour  is  never,  however,  so  considerable  as 

"''Tt  So  heS'i  observed  that  no  exact  idea  can  he  formed  in 
this  way  of  the  quantitv  of  starch  contained  in  the  adulterated  coffee, 
because  part,  being  charred,  gives  no  reaction  with  lodme 

Supposing,  however,  that  the  presence  of  starch  m  coffee  could  be 
invaSy  detected  by  the  iodine  test,  yet  neither  that  test,  nor  indeed 
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all  the  resources  of  chemistry,  can  fiunish  us  with  precise  iuformatiou 
as  to  the  kind  of  starch  employed.  For  this  we  must  seek  the  aid 
anorded  by  the  microscope. 

The  microscopical  structiu'e  of  wheat  and  certain  other  flours  will 
be  found  described  under  the  heads  Flour  and  Bread.  They  are  dis- 
tinguished chiefly  by  the  characters  of  the  starch  corpuscles.  It  may 
be  stated,  generally,  that  those  of  wheat  consist  of  rounded  and  flat- 
tened discs  of  various  sizes.  The  appearances  which  they  present  are 
very  distinct  fi-om  the  cells  of  either  coftee  or  chicory,  as  will  be  seen 
by  the  annexed  engraving  (fig.  40). 


a  a,  coffee  ,  b  b,  chicory ;  c  c,  roasted  bean  flom-. 
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On  the  detection  of  roasted  and  (/round  acorn— The  presence  of 
this  substance  is  distinguished  by  the  form  and  size  of  the  starch 
corpuscles,  which  constitute  so  large  a  part  of  the  acorn  (tg.  42).  _ 

Onthedetectionof  sawdust.— The  detection  of  sawdust,  especiaUy 
mahogany  sawdust,  "is  extremely  easy,  the  presence  of  woody  fahre  ot 
some  kind  or  other  is  sui-e  to  he  discovered  when  the  suspected  samples 
come— as  they  always  ought— to  be  examined  with  the  microscope. 
The  presence  of  sawdust  having  been  thus  ascertamed,  a  few  grains  ot 

Kg.  42. 


Sample  of  Cofee  adulterated  with  ground  Acorn,  a  a,  coffee  ;  h  b,  cl.icory ; 
"    f  "  g  acorn. 

the  coffee  should  be  spread  out  on  a  slip  of  glass,  and  moistened  with 
wLr  when  the  fi-ag^ents  of  woody  fibre  may  generaUy  be  picked 
Tt  by  means  of  a  needle;  they  should  then  be  subjected  to  a  more 

'''''^Lt::^l^e^^^  like  the  cellulose,  starch  corpuscles,  and 
vessels  fTequently  possesses  distinctive  characters,  visible  under  the 
SoscSy  which  the  plant  or  tree  furnishing  it  maybe  identified. 

in  the  case  of  mahogany  sawdust  the  identification  is  easy  enough 
the  compactness  of  the  little  masses  of  fibre,  the  strong  cross  markings, 
and  the  colom-  are  sufficiently  characteristic.  • 
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It  should  be  remembered  tbat  chicory,  especially  the  older  roots 
cpntams  a  small  proportion  of  woody  fibre,  so  that  care  must  be  exer- 
cised not  to  confound  this  fibre  with  extraneous  woody  fibre  or  sawdust 
mti-oduced  for  the  pm-pose  of  adulteration.  If  the  quantity  of  fibre 
present  be  very  small,  and  it  agree  with  that  of  chicoiy  in  its  struc- 
tm-e  as  seen  under  the  microscope,  there  can  be  little  doubt  but  that 
the  fibre  belongs  to  the  root  of  chicory. 

Chi  the  detection  of  caramel  o?-  burnt  suffar.—When  the  water  added 
to  any  sample  of  ground  coflee  becomes  deeply  and  quickly  colomed, 
and  when  on  exammation  with  the  microscope  it  is  ascertained  that 
no  foreign  vegetable  is  present,  there  wiU  be  good  reason  for  supposino- 
that  it  contains  burnt  sugar.  ° 

Again,  when  shuiing  black  particles  are  perceptible  in  the  coffee, 
and  these  slowly  dissolve  in  water,  giving  rise  to  a  dark-colom-ed 
solution.  It  undoubtedly  contains  the  substance  in  question.  Some- 
times, when  the  particles  are  too  smaU  to  be  discerned  by  the  naked 
eye,  they  may  be  seen  under  the  microscope,  and  their  solution  in 
water  watched. 

.1  ^^f^^'.'^l^®  presence  of  bm-nt  sugar  may  be  detected  by  adoptino- 
the  foUowmg  process  :-From  a  weighed  quantity  of  dried  coffee  aS 
mlusion  m  cold  water  is  to  be  prepared ;  this  must  be  evaporated  in  a 
water-bath,  dned,  and  tasted.  If  the  extract  be  dark-coloured,  brittle, 
and  possess  the  bitter  taste  of  bm-nt  sugar,  no  doubt  remains  as  to  the 
presence  of  that  substance. 

We  are  unacquainted  with  any  process  by  which  the  quantity  of 
burnt  sugar  present  can  be  accurately  determined,  seeing  that  the 
exti-act  furnished  by  piu-e  coffee  varies  veiy  greatly,  and  that  of  adul- 
terated coffee  to  a  still  more  considerable  extent;  while  also  the  com- 
position of  the  biimt  sugar  is  so  much  changed,  that  its  exact  amount 
cannot  be  determined  m  the  same  manner  as  grape  sugar,  but  this 
pesent  approximately,  the  quantity  of  biu-nt  sugar 

On.  the  detection  of  Venetian  red.-Soraetimes  when  the  Venetian 
red  has  been  carelessly  incorporated  with  the  coffee,  particles  of  it  may 
be  detected  with  the  naked  eye  ;  but  it  is  not  often  that  it  can  be  dis- 

L  foW  ^'r'^;-  ^^'K'''''  *°  ^^°Pt^d  in  ordinary  cases  L 
^d f^ri  suspected  coffee  is  to  be  incinerated, 

and  the  colom-  ot  the  ash  noted  ;  if  this  be  deeply  coloured  and  of  a 
rusty  red  or  yellowish  hue,  then  Venetian  red,  i^dle,  or  some  analo- 
gous earthy  substance  has  been  mixed  with  the  coffee 

,lt  it  be  desired  to  ascertain  the  exact  amoimt  of  iron  m-esent  a 
weighed  quantity  of  the  article  should  be  incinerated,  the  ash  boiled 

W  one  o?fhSr'^''.T  '"^^'r?  ^"        ''^'^'^'^       ^^on  estimat  d 
by  one  or  the  other  of  the  methods  given  under  '  Tea  ' 

forms'"  T.^1r'^'"l  f  &«.--Silica  may  occm-  in  one  or  both  of  two 
tiTn7r.T^  ^'""^  '^^t^""^^  i'^to  the  composi- 

tion of  the  vegetable  substance  or  substances  forming  the  article,  and, 
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secondly,  as  extraneous  silica  or  sand.  They  may  be  thus  discriminated 
and  estimated  separately  ;  a  weighed  quantity  of  the  article,  say  three 
srammos,  are  incinerated  in  a  platinum  capsule,  the  ash  is  boiled  with 
concentrated  hydrochloric  acid,  and  evaporated  to  dryn^s  on  the 
water-bath.    The  dried  re.sidue  is  moistened  with  hydrochloric  acid 
and  treated  with  boilin-  water  ;  the  silica  only  m  its_  two  forn^  will 
remain  undissolved.    It  is  separated  by  filtration,  mcmemted,  and 
weighed.    Thus  the  total  amount  of  silica  is  ascertained.    It  is  then 
boiled  for  some  time  with  a  strong  solution  of  carbonate  of  soda,  which 
only  dissolves  the  chemically  bound  silica,  or  that  part  which  had 
entered  into  the  composition  of  the  ash.    The  sand  remains  undis- 
solved, is  collected  on  a  filter,  washed  with  boiling  water  incinerated, 
and  weighed.    The  loss  of  weight  gives  the  proportion  of  chemicaUy 
combined  silica, 
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CHAPTER  VI. 
CHICORY  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  added  foreign  vegetable  or  mineral  substance. 

CmcoRY,  succory,  or  wild  endive,  CycJiorium  Intybus,  belono-s  to 
the  same  natural  family  of  plants  as  the  dandelion,  namely  Compo 
intce.  It  18  indio-enous,  aiid  may  be  seen  o^rowing  in  various'  parts  of 
tlie  country,  by  the  road  or  hedge-side  ;  it  may  be  recocrnised  bv  the 
compound  character  of  its  flowers,  and  theii-  bright  and  beautiful  blue 
colour.  It  blossoms  in  the  months  of  August  and  September  In  its 
natiu-al  state  the  stem  rises  from  one  to  three  feet  hio-h  but  whpn 
cultivated  it  shoots  to  the  height  of  five  or  six  feet.  The  root  runs 
deep  into  the  ground,  and  is  white  and  fleshy,  and  yields  a  milkv 
juice.    It  18  cultivated  to  some  extent  in  this  country  as  an  herbao-e 

tS'e       S~oiS^.  ""'"^^        ^'''"^'^  "P- 

In  Germany  and  in  some  parts  of  the  Netheriands  and  in 
France,  it  is  extensively  cultivated  for  the  sake  of  its  root  which 
IS  used  as  a  substitute  for  coffee.  The  root  is  taken  up  iust  before  the 
plant  blossoms,  and  when  roasted,  lard  or  sometimes  butter  is  addpH 
m  the  proportion  of  2  lbs  of  lard  to  1  cwt.  of  the  kiln-di-ied  root 
Whengromid  and  exposed  to  the  air,  chicory  absorbs  water  readily 
and  becomes  moist  and  c  ammy.  When  prepared  on  a  lar<.e  scale' 
the  roots  are  partially  dried  and  sold  to  the  manufacturers  of  the 
;  M-ticle  who  wash  them  cut  them  in  pieces,  kiln-dry  them,  and  grind 
them  between  fluted  rollers  into  a  powder.  ^ 

The  powder  of  the  roasted  roots  bears  striking  resemblance  to 
:  ground  coff-ee,  and  is  still  extensively  used  in  Prussiaf  and  othei  mits 
;  of  Germany  ;  but  as  it  wants  the  essential  oil,  and  the  rich  ZJZZ 
i  flavour  of  coffee  the  caffeine  and  the  caffeo-ta^nic  acid  ifhas  Uttie  S 
'  ':ZttC^tL''^i^T  to  re^Jom- 

Notwithstanding  that  chicory  '  has  nothing  to  recommend  it  excent 
Its  cheapness,' and  that  it  is  used  exclusively  to  adulterate  coffeHt 
I  has  of  late  years  been  raised  in  great  quantity  in  this  countrv  in  Ih! 
c counties  of  Surrey,  Bedford,  and  York.  country,  m  the 

Foreign  chicory  is  considered  to  be  greatly  superior  to  that  nf 
I  English  growth,  and  is  consequently  much  dearer. 
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COHPOSITION  OF  CHICORY. 


Chicory  root  has  heen  subjected  to  examination  and  analysis  by 
Dr.  Letheby  at  the  author's  request,  and  the  following  is  his  report  on 
the  results  obtained,  namely, — 

'  1st.  In  its  recent,  or  raw  state. 

<  2nd.  In  the  kihi-dried  condition.  ,    .        j  i.  4.1. 

'  3rd.  In  the  roasted  and  powdered  form,  as  it  is  used  tor  the 
adulteration  of  cofiee.  , 

'  The  raw  root  furnishes  a  milky  juice,  which  owes  its  opacitvto 
the  presence  of  an  inert  vegetable  substance  named  Lmhne.  ihe 
iuice  is  very  bitter,  and,  when  filtered  and  heated,  it  shows,  by  its 
turbidity,  that  it  contains  a  small  quantity  of  albumen. 

'When  macerated  in  cold  water,  it  yields  about  lo  per  cent.ot 
solid  matter  or  extractive,  which  gives  to  the  solution  a  very  bitter 
taste.  By  Fehling's  test,  it  was  found  that  the  raw  root  contamed 
1-1  per  cent,  of  grape-sugar  or  glucose. 

'The  kiln-dnedroot  possesses  aU  the  characters  of  the  preceding, 
but  in  a  higher  degree,  for  water  extracts  about  50  per  cent  of  solid 
matter-,  and  the  solution  furnished  to  Fehhng's  test  as  much  as  10  o 

^'^TeUher'ofThese  specimens  exhibited  the  least  trace  of  starch 
but  by  boiling  in  water,  filtering,  and  cooling,  they  yielded  a  small 
quantHv  of  a  white  powder,  which  has  aU  the  characters  of  Inulme 
^  'The  absence  of  starch  in  the  state  in  which  the  root  is  oi-dmanlv 
used  is  also  conclusively  shown  by  means  of  the  microscope ;  and 
we  find  that  the  tissue  contains  abundance  of  ceUulose,  which,  by  the 
Tction  of  strong  sulphuric  acid,  gives  a  product  that  renders  lodme 

^^''The  roasted  chicory  root  yields  from  45  to  65  per  cent,  of  soluble 
extractive.  Its  solution  in  water  is  acid,  and  it  does  not  POSsess  the 
ScS  b  tter  taste  of  the  raw  roof,  but  the  taste  of  the  liquid  19 
Ee  Ske  that  of  burnt  sugar.    The  copper  test  shows  the  presence  of 

froiTi  10  to  13  per  cent,  of  sugar.  . 
^The  following  analyses  represent  the  percentage  composition  of 

the  root  in  its  different  conditions  :— 


Baw  Rnot.  Kiln-dried. 
77-0  15-0 


7-0 


Hygroscopic  moisture  . 
Gummy  matter  (like  pectine) 
Glucose,  or  grape  sugar 
Bitter  extractive . 

Fatty  matter  •  •  "  •  •  on  on.^ 
Cellulose,  inuline,  &  woody  matter  9  0  ^^  o 
Ash  ...        0-8  dO 


20-8 
10-5 

0-6  1-9 


1-1  10-5 
4-0  19-.S 


100-0  100-0 

«  The  composition  of  the  roasted  root  was  as  foUows :— 
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Hygroscopic  moisture  . 
Gummj'-  matter  . 
Glucose 

Matter  like  burnt  sugar 
Fatty  matter 
Brown  or  burnt  woody  matter 
Ash 


1st  Specimen.  2nd  Specimen. 


14-6 
9-5 

12-2 

29-1 
2-0 

28-4 
4-3 


12-8 
14-9 
10-4 
24-4 

2-2 
28-5 

6-8 


Boasted. 
11-98 
15-96 
17-98 
9-86 


^  100-0  100-0 

nP  iS'^'^Vw  r'  .S*^^^""^^'  Campbell  ^  found  in  four  samples 
of  chicory  tlie  following  percentages  of  grape-sugar  r 

Raw. 

Foreign  chicory  .  ,  .  23-76 
Guernsey    „...."  30-49 

^^^l^ll^  35-23 
Yorkshire   „      .       .       .      .      gg.QG  ysg 

It  IS  evident  from  tliese  analyses,  that  the  quantity  of  suo-ar  found 
by  Dr.  Letheby  m  the  raw  root  was  much  less  thin  that  usuaU™ 

The  quanWiesof  sugar  m  mangold-wm-zel,  carrots,  tm-nipsfparsuins 
beet  and  dandelion  roots  were  foimd  to  be  nearly  as  g  -eat  as^  nXT' 
and  hence  the  su|ar  present  in  it  does  not  afford  a  means  by  Xh  1^ 
be  istmguished  from  other  sweet  roots  when  mixed  with  cofiWp  16iT 

Bj  an  examination  of  the  analyses  above  given,  it  wiU  be  ien  thnf 
the  root  does  not  contain  anything  which  can  pos  ibly  be  re^Sd  as 
a  substitute  for  coffee.  _  It  will  be  also  manifest  that  in  the  process  of 
roasw  the  bitter  principle  of  therecent  r^ 

by  the  torrefaction  of  the  saccharine  and  other  constituents  rqua^titv  of 
caramel  is  produced  which  has  no  vii-tue  beyond  that  of  bSnt  uir 

The  chief  constituents  of  chicory,  therefore,  are  the  LToL^fe 
Sr/at/rTheT;'  -asting-.«.Z.w',  celluLr^nfZr^ 
mtneral  salts  I  he  oz/,  sometimes  amounting  to  nearly  5  ner  rent  i, 
denved  for  the  most  part  from  the  lard  used  in  the\astin '  The 
mtroffen  m  chicory  is  less  than  that  found  in  coffee  om^ncfVo  ft 
absence  of  the  alkaloid  foimd  in  the  latter  Th?^1L  °  •  • 
chicoiy  fi-om  1.42  to  1-86  per  cSit  '  "'^"'^ 

comporit?ot?i*^'  '""P'"'  analysed  by  Dr.  Letheby  had  the  following 


Chloride  of  potassium  . 
Sulphate  of  potash 
Phosphate  of  potash  . 

„       of  magnesia 

n       of  lime 
Carbonate  of  lime 
Alumina  and  oxide  of  iron 
Sand  . 


1st  Specimen. 
0-22 

0-  97 

1-  41 
0-30 
0-40 
0-10 
0-20 
0-70 

4-30 


2nd  Specimen. 
0-45 

0-  98 

1-  37 
0-53 
0-81 
0-26 
0-20 

2-  20 

6-80 


coie^S'Ss?^"''  "°  of  detecting  vegetable  substances  mixed  with 
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Mr  Allen  sives  tlie  average  ash  of  chicory  at  ahout  5  per  cent.,  of 
whkh  twolftL  only  are  sofuMe  in  water,  whereas  three-fourths  of 
pnffpp  ash  are  dissolved  by  that  menstruiun.  c  „f 

The  Uowino-represen^^  the  percentage  composition  of  the  ash  of 
four  sampleT  of  chicory,  according  to  Messrs.  Grahanx  and  Sten- 

house — 


Darkest 
English 
Torksliire. 

English. 

1 

Foreign,  j 

Guernsey. 

—  

.Potash  .       •      •       •  ■ 
Soda      .      •      •      •  • 
Lime     •      •       •      '  ' 
Magnesia       ■       •       •  • 
Sesqiiioxide  of  iron 
Sulphuric  acid 

Chlorine        •       •       •  * 

Carbonic  acid. 

Phosphoric  acid  . 

Silica     .       •       •       •  • 

Sand     .       •       •      •  • 

33-48 

8-  12 

9-  38 
.1-27 

3-  81 
10-29 

4-  93 
1-78 

10-  66 
3-81 
9-32 

16-10 
9-60 

7-  22 

3-  13 

10-  53 

4-  68 
2-88 

11-  27 
2-61 

8-  08 

29-.')6 

2-  04 
6-00 

3-  42 

5-  32 

6-  38 
3-23 
2-80 

7-  06 
12-75 
23-10 

3-2-07 
3-81 

5-  31 
3-85 

3-  52 

6-  01 

4-  56 
3-19 
6-65 

10-.52 
20-19 

j  100-85 

99-98 

100-66 

.  99-68 

Mess,..  G™h.,n  .nd  ^^f^ir^Z^^^X^^^^^l 
in  ackls  to  be,  in  four  samples  ot  roasted  <!^^"«?^  "  „„antities  of  tl,is 


adhering  to  the  ^perfectly  f^^^tlactristics  of  the  ash  of  chicory, 
It  thus  appears  that  ^J^^f  ^f^^^f 'he  presence  of  notable  quan- 

SST^aaTl'citint:^^^^^^^^^ 
and  silica. 

STBUCTOTE  OF  CHICORY  ROOT. 

"^X'tie  adulterating  ^nder  or  --h.nt  jn  tte  s«re.y 

„„n  warehouse,  »^\':'>^^,Xlo:il«^^^''^  P"*''';'^ 

Zgr^  *^  distin'ctive  structure  charaCr. 
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of  each  of  these  suhstances  stiU  remained  undestroyed,  to  enable 
the  man  of  science  to  dra-  to  light  his  guilty  deeds,  and  to  detect' 
their  presence  m  every  parcel  of  adulterated  c6ffee  sent  out  from  his 
premises. 

In  the  roasted  and  charred  chicory  root  the  same  structm-es  may  be 
detected  as  are  distmguishable  in  the  raw  or  uuroasted  root. 

Ihe  chief  part  of  the  root  is  made  up  of  little  utricles  or  cells. 
Ihese  are  generally  of  a  roimded  form,  but  sometimes  they  are 

Fig.  43. 


Fragment  of  Roasted  Chicort  Root,  taken  from  a  snmnio  nf      n.    x  ^ 
showing  the  cells  of  which  it  is  principaSrconstituteT  DraU  "^^^^^ 
Lucida,  and  magnified  140  diametersT         """^tea.  jjrawn  with  tli,eCamera 

narrow  and  elongated.     The  former  occur  whprp 

cylindrical  unbranched  tubes,  taperi  J  to^  nofnj  .,  S  i"^ 
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a  Sharp  point  at  either  end,  at  first  smooth,  hut  suhsequently  exhihiting 
faint  (Clique  markings.  _  ovp  nrpBent  in  most  plants, 

The  vlssels  of  the  latex,  vam  acttcm^,  f^g^^^^^i  ^  Gently 
having  a  milky  juice  or       5  and 
anastomosing  tuhes,  of  smaller  diameter  than  tue  aoixe 
-with  smooth  memhranous  panetes  (bg.  4o;. 

Fig.  41. 


l40  dialneters.  ^  ^ 

gdsM  from  mo.t  other  any  making,  o, 

o  J';SStt  of.ttS  of  a  di.t«ve  ch„»c.er. 

PBOPEKTIES  OF  CHICOKT. 

Recent  cMcop;  ™ot  i.  ^ttn  taduS  SSrScl ° 
consequence  of  wteh  « ^J"  Solh  £  of  thV^^^  plant,  the  dan- 
«L>S£~l°-^Vta  the  wo*  of  Dr.  Pereira,  the 
foUowing  ohservations :--  stomachic  and  tonic.    In  large 

ao. Sral»e''nr  t'dlU  operation  U  lesa  oW 
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attenS'Sn'  y^''^'''  '^^'■^^^^  <^^^^^^^s,  its  continued  use  is 

S™s  L       f^'i'''^  ^^"^  but  where  the  di4  tive 

'^^^^y  disordered,  taraxacum  is  very  ap  to  oc- 
casion dyspepsia,  flatulency,  pain,  and  diarrhoea.'  ^  ^ 

Fig.  45.  ■ 


.ttegloKISltSroffer'        P'"--"-"!  recommend, 

*  *  CbemiBtry  of  Common  Life  ' 
w  2 
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not  so  frac^rant,  this  oil  probaWy  exercises  upon  the  system  some  of 
the  'eSy  exJitinir,  Berv'e-soothiuK,  and  hunfrer-stajanfr  influence 
the  sSv  io-redieuts  contained  in  tea  and  coffee ;  and,  second,  the 
Ikten-inciple    When  taken  unmixed,  this  substance  is  to  many 
wM    tlT-e  unaccustomed  to  it,  not  only  d-agrejbH^^^^^^ 

a  li5oli  dp.vree  It  may,  however,  like  many  other  bitter  pnncipie., 
possess^  as  f  have  sa  d,  a  Ionic  or  sti-engthenin.  propertv.    Taken  in 

Sh  con  tipaSon  with  intermittent  dian-hcea,  weakness  o  the 
mouLu,  I.  1  ,  ,  g  a  drunken  cloudiness  ot  the  senses, 
&f  L  "  lt  S  ^tsf  chicory  is  a  substitute  for  coti^^^^ 

to  whk  only  those  t^  whom  the  price  is  an  object  ought  to  ha^e 

''X- ^selves,  we  would  remark  ,that  while  chicory  is  Bubstituted 

'■"Irpioof  ot  this  we  cite  the  results  ot  some  oWations  ot 
our  own.  „i,;^Avt7  n+  brealdast.    The  infusion  was 

.j^s:^f^S^' """" 

third,  the  bowels  y^re  rekxed  ^^^^.^  ^^^.^,1^^ 

at      =l":id  ™r:» -e  e.'^rie„^ 

"  i'veXther  trials  were  s.tksequeutly  made,  with  nearly  similar 
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eluding  that  at  least  some  doubt  is  attached  to  the  assertion  of  the 
wholesome  properties  of  chicory  root  as  an  article  of  diet. 

So  well  are  mothers  in  France  and  Germany  acquainted  with  the 
aperient  properties  of  chicory,  that  they  frequently  give  infants  and 
voung-  children  a  strong  infusion  of  the  roasted  root  as  an  aperient,  pre- 
temng  it  to  ordinaiy  medicine  on  account  of  its  less  disagreeable  flavom- 

Ag-ain,  It  13  the  opmion  of  an  eminent  ociUist  in  Vienna,  Professor 
±}eer,  that  the  continual  use  of  chicory  seriously  affects  the  nervous 
system,  and  gives  rise  to  blindness  from  amam-osis. 
_  These  are  serious  effects  of  the  use  of  chicory,  and  should  make  those 
in  authont^^  hesitate  before  they  foster  the  use^of  this  article  by  ffivins 
to  Its  sale  an  undue  and  unfair  preference. 

The  greater  part  of  the  chicory  used  is  grown  in  this  country,  and 
does  not  pay  any  duty and  yet  it  is  allowed  to  be  mixed  to  any 
extent  with  coffee,  an  article  bearing  a  high  duty. 

Of  the^  nutritive'  properties  of  chicory,  of  which  Sir  Charles  Wood 
entertained  so  high  an  opinion,  we  need  say  but  little,  feeling  assured 
that  the  reader  will  scarcely  be  disposed  to  question '  the  acciu-acy  of 
the  assertion  that  a  mouthful  of  good  wheaten  bread  .contains  more 
nourishment  than  a  cup  of  infusion  of  chicory. 

Chicory  and  coffee,  then,  may  be  thus  contrasted. 

Ihey  diiler  from  each  other,  in  their  botanical  natm-e,  in  chemical 
composition,  and  m  physiological  action  and  properties. 

^''"^     ""^^^      ^  t^-^^'  ^^liicory  is  the  succulent 

iTji^  f  P^""",*-  /"""^  ^*     ^  well-ascertained  fact,  that  of 

all  parts  of  vegetables,  the  frmt  and  seeds  usually  possess  the  most 

be  n?  r  f  ?  ^'''^^  "^''^  t°       circZstance  of  the  r 

being  Ireely  exposed  to  the  influence  of  light  and  air-aoencies 

etwiloTn?^!  P^^^^'         «°  effect  ti  e 

elaboiation  of  those  complex  organic  substances  on  which  the  activity 
of  vegetables  depends.    On  the  other  hand,  it  must  be  manifest^  hat 
as  the  roots  are  removed  from  the  influence  of  these  powerftd  aoencies 
they  cannot  be  so  richly  endowed  with  active  properties  ;  and'lndeed' 

theTo.i>  ^T^'f-'iT^j'^^  ^^^^^^  either  Valoid  or  volatUe  oil 
-the  constituents  which  give  to  coffee  its  peculiar  .drtues.  The  dis- 
tinction, there  ore,  between  the  properties  of  the  seeds  and  roots  of 
plants  IS  very,  important,  and  it  i?  especially  so  in  the  case  before  us. 

aronin    Iw  nTtl  r  ^'^7'  "mawkish,  and  nearly  destitute  of 

aroma   that  of  the  other  is  light,  li-agraut,  and  refreshing. 

Coffee  contains  as  already  shown,' at  least  three  active  principles  or 

S  clw  '"''f^'  alkafoS  cat  ^i^ 

Chicory  there  are  no  analogous  constituents. 

Coflee  exerts  on  the  system  marked  and  highly  important  nbv^in 

:Sn  w fn'e''? tir'1?'  ?"'T^.  ^^^^^  ^«  -  ^'^^^  ''--7 

the  nrnJ;»;ri       S  f  '''^'^^  questionable  whether 

the  properties  which  it  does  possess  are  not  really  hurtful. 
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ABTJLTBEATIONS  OP  CHICOKT. 


mat!  cliicmy  adulterated?  A  sutstance  used  to  adulterate 
another  article,  itself  adulterated?  Impossible!  Improbable  as  the 
thine-  appears,  it  is  nevertheless  true. 

When  it  is  remembered  that  all  the  vegetable  substances  emploved 
in  the  adulteration  of  coffee  require  to  be  chan-ed  or  roasted  and  that 
to  effect  this  a  suitable  apparatus  is  required,  such  as  but  few  retail 
grocers  possess,  it  at  once  becomes  at  least  probable  that  these  substances 
are  nrepared  for  them  by  other  parties.  ,      .  ,  i 

Th?s  impression  acquires  increased  force  when  it  becomes  known 

that  the  majoritv  of  gi-ucers  buy  theii-  ^^^^^'7' .'^''^  mIcZ 
powder,  and  that'this  is  supplied  to  them  by  certain  ^l^ole^a  «  chi^^^^ 
houses  which  charge  for  it,  in  general,  a  less  price  than  for  t he  n  bs 
or  unground  root  itself,  or  than  genume  chicory  powder  can  be  lairly 


The  substances  which  are  either  substituted  for  chicory,  or  mixed 
with  it  are  very  mmierous ;  several  of  these  we  have  oiu-selves 
letected  while  oLrs  have  been  discovered  from  time  to  ime  by 
different' parties.  They  iMe  all  those  employed  tn  the  adnlteratron 
o/S -indeed  the  greater  niunber  of  substances  met  with  in 
Idtiatkl  co^^^^^  are  introduced  into  it  through  the  chicory  with 

So'n  is  deduced  not  only  from  the  examination  of  a  con- 
siderable number  of  samples  of  powdered  chicoiy,  but  fiom  evidence 

Srf  STsSTpabl-l^ed  in  the  '  rharmaceutical  Joui-nal ' 
two  v;ry  S I  articles'  on  the  adulteration  of  coffee  and  chicoi-y : 
from  the  Sst  of  these- that  on  coffee- we  extract  the  following 

™But  while  the  grocers,  on  the  one  hand,  cheat'their  customers  by 

'"-^ifother  circvunstance  which  proves  not  only  that  chicoiy  is  adid- 
Auotnei  t-'i^^""  ^  n  gi^icory  powder  are  m  some  ca^es 

fhf  maiet  price  at  which  genuine  chicory  can  be  procured.^ 

The  subs  ances  with  which  chicoiy  has  been  ascertained  to  b^ 

with  regard  to  the  use  of  carrots  and  pai-snips,  Mr.  Gay,  in  evidence 
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before  the  Parliamentary  Committee  of  1866,  under  the  presidency  of 
the  late  JVIr.  Scholefield,  made  the  following  statement : — 

'I  remember,  one  year  when  chicory  was  worth  211.  per  ton,  manu- 
facturing 700  tons  of  carrots  into  chicory.  They  were  grown  by  one 
gentleman  in  Sm-rey,  and  supplied  to  the  house  where  I  was,  and  also 
350  tons  of  parsnips.' 

Besides  the  above-named  articles,  '  coffee-JligJits^  and  '  Hanibrd' 
poiDcler '  have  been  used,  as  also,  it  has  been  alleged,  exhausted  tan, 
known  as  Croats,  and  oak-harh  powde)\ 
The  following  engravings  exhibit  the  microscopical  characters  of 

Kg.  46. 


avf tw'SIJ^."^^"'''''"/^^^^  ^J^e^t  farina.   The  sti-uctui-es  marked 

.?^.*''<'^  "^^f  '•"<"'  ^^"e  those  marked  6  6  are  the  starch 

powder.         °  ^  '^'^^^^S  these  occur  in  geS 

^icoij  adulterated  ^^th  wheat  flour,  also  with  a  substance  resembling 
ground  acorn  (figs.  46  and  47).  o^uxuun^ 

tnou^r^l^Jj^''  Dr  Pereira,  '^^m6ro>oz.rfer  consists  of  roasted  and 
Pf^'  ^1  '  t^^P"^^^         Venetian  red.    The  term  coffee-Ms 
2nS??i!  thm  membranous  coat  (endocarp)  which  separates 

irom  the  coffee-seed  in  the  act  of  roasting.' 

m«St  ^'  ^^'■"^^'^  0°  chicory  we"  meet  with  the  following  re- 

marks in  reference  to  Venetian  red :— 


184 


CHICORY  AND  ITS  ADTJLTEr'aTIONS. 


Venetian  red. 


icr  couinion 


'In  a  pteviovia  number  we  explained  the  nature  of  _  Fei 
It  is  essentially  tlie  sesquioxide  of  iron,  obtained  by  calcimn 
foipjrr  ul^^^^^^^^^  of  iron).    The  different  colours  of  the  product 
Send  on  the  temperature  to  which  the  sesquioxide  is  subjected 
wE  it  has  been  exposed  to  an  intense  white  heat  its  colour  deepens, 
LI?  s  then  tei-medW^-^'-^'^-    ^he  Ughter  tot  of  Venetian  red 


■Kg.  4Y. 


rived  from  the  teste  of  the  seed, 
i,  produced  M  «d*era.ta. ,  0»J  j'™"'  ^  ^ri^f  irici'ol  *: 
XwtinltafSdTent,  b„t  a  frie.d  «>gge»ta  that  ,t  >s  rMU,  the 

failed  20  per  cent,  of  logrcood  and  mahognny  dnst. 
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EESTTLTS  OP  THE  EXAMINATION  OF  SAMPLES. 
The  results  of  the  microscopical  examination,  made  some  years  since 
of  thirty-four  samples  of  chicory  powder,  some  of  which  were  pur- 
chased of  diiierent  grocers  and  others  obtained  from  manufacturers 
were, —  ' 

First,  Th&t  fourteen  samples  were  adulterated. 
Second,  That  in  nine  the  adulteration  consisted  of  roasted  corn. 
Third,  That  ground  scorched  beam  were  present  in  four  of  the 
samples. 

Fourth,  That  in  one  case  groimd  acorns  was  detected. 

The  results  of  the  examination  of  tiventy-three  other  samples  made 
at  a  subsequent  period  were, — 

Fii-st,  That  eleven  or  one-half  of  the  sam]>les  wei-e  adulterated.. 

becond,  That  four  of  the  chicory  jjowders  toere  adulterated  with 
roasted  xoheat. 

Third,  That  ground  acorns  ivere  present  in  an  equal  nmnber  of 
cases.  ■' 

Foxirth,.That  two  of  the  samples  contained  sawdust,  and  one  mahogany 

a-^*^ V.'  T-^^*  mangold-wurzel  tvas  detected  in  one  of  the  chicories. 

bixth,  That  m  one  instance  roasted  carrot  teas  present. 

Lastly,  the  results  of  the  examination  of  thirty-eight  additional 
samples  of  chicory,  both  as  purchased  from  shops  and  as  procured  from 
manulacUirers,  and  which  examination  was  instituted  mainly  for  the 
purpose  of  determining-  whether  Venetian  red  or  other  aualoo-ous  fer- 
rugmous  earth  was  employed  to  colour  chicory,  were,—  ° 

First,  That  out  of  the  eighteen  samples  of  chicory  procured  from 
manufactui-ers,^i'e  were  adidterated  with  roasted  wheat  farina 
_     becond,  That  several  of  the  samples  yielded  a  co/om7-«^  ash,  derived 
m  some  cases  m  part  from  the  soil  in  which  the  chicory  had  been 
gi'own,  and  from  which  the  roots  had  been  but  imperfectly  freed. 
.  +  ir  1  '    .  samples  of  chicory  pm-chased  at  the 

estabhshments  of  different  gi-ocers  in  the  metropoUs,  one  was  adul- 
terated with  roasted  farina. 

_  Fourth,  That  the  ashes  of  several  of  the  sampleswere  highly  coloured, 
indicating  the  presence  of  some  red  ferinigincyus  earthU^ reddle  o^ 
Venetian  red.  In  two  samples  the  incorporation  was  so  imperfect 
W~corpowd^^^^  '"^'^  the  VenetiLred 

We  have  now  shown, 

largllyldtSSd  •  "'''^     "^''^'"'^'^  '"^'^ 

^^"^  f^*^^""'     or.'^ifinufacturers  of  chicoiy  are  in  many  cases 
the  parties  who  practise  this  adulteration.  ^ 

We  are  sony,  however,  to  declare  that  in  those  instances  in  which 
tne  letail  grocers  do  not  themselves  adulterate  the  chicoiy  they  vend, 
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we  are  unable  to  acquit  them  of  guilty  knowledge  of  and  participation 
in  the  fraud :  this  knowledge  is  displayed  in  the  fact  that  the  grocer 
frequently  purchases  chicory  in  powder  at  a  price  at  which  it  is  not 
possible  to  procui-e  genuine  chicory.  •  ,  n 

The  prices  demanded  for  the  several  samples  analysed  varied  trom 
5d.  to  Is.  per  lb.;  the  ordinary  charge  being  8d.  The  price  of  chicory 
in  powder  to  the  ti-ade  ranged  in  general  from  20«.  to  32s.  per  cwt. ; 
thus  the  profit  of  the  retail  grocer  on  the  sale  of  chicory  powder  was 
seldom  under  cent,  per  cent.,  and  often  much  above  it. 

On  the  detection  of  the  adulter cctiom  of  chicory. —The  ChanceUor 
of  the  Exchequer,  in  May  1850,  stated  in  the  House  of  Commons, 
that  '  having  desired  the  Board  of  Inland  Revenue  to  state  whether 
there  was  any  ready  and  available  proof  of  the  mixture  of  chicor^^  with 
cofi-ee,  he  had  received  a  reply  to  the  effect,  that  four  expeiienced 
persons  having  been  employed  in  making  experiments,  the  result  ot 
the  inquiry  was,  that  neither  by  chemical  tests,  nor  m  any  other  way, 
could  they  ascertain  with  any  degree  of  certainty  whether  the  mi^tiu'e 
contained  chicory  or  not'  On  being  reminded  of  this  Report  by  Mr. 
Scholefield,  IVIr.  "George  Phillips  made  this  notable  reply:—  les,  that 
is  as  far  back  as  1849.  The  fact  is,  the  subject  had  not  then  been 
studied  as  regards  the  adulteration  of  coflPee  and  chicory. 

So  that  at  that  time,  on  the  admission  thus  pubhcly  avowed  by  the 
chief  scientific  authority  then  connected  with  the  Excise,  the  grocers 
for  anything  the  Excise  could  do,  might  adulterate  theu-  cofiee  and 
chicory  as  much  as  they  pleased!    Pretty  protection  of  the  revenue 

^^^^N^twithstanding  this  formal  and  apparently  authoritative  state- 
ment, the  fact  is  that  few  things  axe  easier  of  detection  than  the  pre- 
sence of  chicory  in  coffee  by  means  of  the  microscope:  the  detection 
of  the  adulterations  of  chicory  itself  are  for  the  most  part  not  more 

difficuk.  chicory  with  certainty,  either  in  the  pure 

state,  or  when  mixed  with  other  articles,  by  other  means  than  the 
microscope,  is  by  no  means  easy,  if  it  be  not  impossible,  m  the  present 

state  of  science.  ^       ,  _  .  i 

It  has  been  repeatedly  stated  that  coffee  and  chicory  may  be  distin- 
cruished  by  the  manner  in  which  they  comport  themselves  when  placed 
on  the  sm-face  of  water;  the  chicoiy  powder,  it  is  said,  soon  smks 
while  coffee  floats.  In  the  case  of  the  majontj^  of  samples  of  chicory 
examined  this  test  completely  failed  as  the  powder  did  not  sink  but 
rented  on  the  surface  for  a  considerable  time,  and  continued  perfectly 
dry-a  result  possibly  attributable  to  the  presence  of  the  lard  used  in 
the  roastins:  of  the  nibs.  .         .  , 

\nother  way  recommended  to  detect  an  admixtm-e  of  chicory  with 
cofl'ee,  is  to  add  some  of  the  suspected  powder  to  cold  water.  It 
chSy  be  pi^sent,  the  water  will  quickly  become  coloured,  and  by  the 
depth  of  the  coloii  the  proportion  of  chicory  may  be  guessed  at.  This 
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method  is,  however,  utterly  fallacious,  since  the  colour  may  arise  from 
the  presence  of  burnt  sugar,  so  commonly  used,  or  of  roasted  wheat, 
carrot,  and  other  similar  substances. 

The  adulteration  with  chicoiy  has  been  attempted  to  be  established 
by  the  relative  specific  gTavities  of  infusions  made  from  equal  quantities 
of  coffee  and  chicory.  It  has  been  found  that  infiision  of  coffee  is  of 
much  lower  specific  gravity  than  one  of  chicory,  the  difference  in  fact 
being  aboiit  1  to  3 ;  but  since  other  sweet  roots,  as  well  as  maize,  rye, 
&c.,  yield  infusions  equally  heavy  with  that  of  chicory,  the  test  is  use- 
less as  a  means  of  determining  the  fact  of  the  adulteration  of  coffee 
with  chicoiy.  The  colour  of  the  infusion  and  its  specific  gi'avity, 
doubtless  afford  rough  and  general  indications  as  to  whether  any  par- 
ticular samples  of  coffee  are  genuine  or  not,  but  it  is  impossible  by 
these  characters  to  pronounce  an  opinion  as  to  the  precise  nature  of  the 
adulteration  practised. 

The  diificulty  of  detecting  chicoiy  by  chemical  means  arises  from 
the  absence  of  any  peculiar  and  distinctive  principles  in  the  roasted 
root.  Various  attempts  have  been  made  with  the  view  to  discover 
some  characteristic  reactions  and  peculiarities  of  composition ;  Messrs 
braham  Stenhouse,  and  Campbell  especially  have  directed  their  atten- 
tion to  this  subject. 

These  chemists  have,  among  other  points,  endeavoiu-ed  to  make 
use  ot  the  colour  and  specific  gravity  of  the  different  infusions  used  as 
a  means  of  detecting  the  adulterations  of  coffee  with  chicory  and  other 
roots;  but  these  data  are  not  capable  of  affording  anv  specific  informa- 
tion, although  they  are  sufficient  in  many  cases  to  establish  the  general 
fact  of  adulteration.    (Table,  p.  164.) 

They  have  also  endeavoiu-ed  to  avail  themselves  of  the  presence  of 
(/lucose  or  grape-sugar  in  chicoiy  as  a  means  of  discrimination :  thus 
while  the  suga,r  in  roasted  coffee  rarely  exceeds  1  per  cent.,  and  is 
usually  only  half  this  quantity,  in  roasted  chicory  it  has  been  foimd 
to  mnge  from  9-86  to  17-98  per  cent. ;  but  since  other  sweet  roots,  as 
beet-root,  mangold-wiu-zel,  tm-nips,  dandehon,  carrots,  and  parsnips, 
contain  on  the  average  as  much  sugar  as  chicorv,  this  means  utterly 
tails  as  a  test  for  chicory.  The  utmost  that  can  justly  be  inferred  from 
the  presence  of  a  considerable  amount  of  sugar  in  ground  coffee  is,  that 
It  is  adulterated,  and  probably  with  one  or  other  of  the  roots  above- 

quantily  on  y  affords  no  proof  of  the  gemuneness  of  coffee,  since  some 
1    n  ""Tf^-  ^""^  ?"l58tances  employed  to  adidterate  coffee  are 

equally  deficient  with  It  in  saccharine  matter.   Lastly,  sugar  is  often 
purposely  added  to  coffee,  sometimes  during  the  roastin|,  and  sub- 
sequently in  the  form  of  burnt  sugar  or  black  jack 
\n  f  irf  f  ^'  ""^i^^^,  themselves  of  the  quantity  of  dlica  present 

of  5-   ^     ?•  other  vegetable  adulterants  as  another  means 

a  nnf^  ^'^"^     '■^'^^ted  coffee  averages  usuallv  about 

a  quarter  and  rarely  approaches  one  half  per  cent. ;  whUe,  as  has  been 
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already  shown,  the  sand  and  siUca,  insoluble  in  acids,  of  four  samples 
of  roasted  chicory  amounted  to  as  much  as  10-69,  13-13,  30vl,  and 
35-85  per  cent,  of  the  ash :  but  in  roasted  dandelion  root  the  propor- 
tion of  siUca  is  as  great  as  in  chicory,  great  part  of  the  silica  iohoth 
cases  being  derived  from  the  dirt  still  adliering  to  the  imperfectlv 
cleansed  roots.    The  same  is  the  case  with  the  roots  of  carrots  and 
parsnips  prepared  in  the  same  rough  way  for  use  as  chicory  root,  ine 
presence,  therefore,  of  a  large  excess  of  silica  does  not  prove  the  fact  of 
adulteration  with  chicory  ;  indeed,  it  can  scarcely  be  said  to  attord 
decisive  proof  of  adulteration  of  any  Irind.    In  the  cereals  again,  with 
the  exception  of  maize,  the  ash  of  which  contains  about  2  per  cent., 
the  silica  is  high,  as  shown  by  the  researches  of  ^lessrs  Ogston  and 
Way,  who  state  that  in  wheat  the  silica  vanes  from  20-5  to  54-1.  per 
cent,    in  barley  from  23-6  to  70-77-,  in  oats  fi-om  38-48  to  o0-03 ; 
while  in  iTe  it  is  about  9-22  ;  but  it  must  be  remembered  that  nearly 
the  whole  of  the  silica  found  in  the  cereals  is  present  m  them  m  the 
combined  state,  and  therefore  must  not  be  confounded  with  that  acci- 
dentally present  in  the  roots  of  most  plants.  .    ,  if 
Lastly,  Messrs.  Graham  and  Steuhouse  have  examined  the  ash  ot 
coffee  and  chicory,  and  certain  other  adulterants,  with  a  view  to  dis- 
cover distinctive  characters.    The  principal  differences  m  the  composi- 
tion of  the  ash  are  shown  by  the  figures  given  below  :— 

In  Coffee  Ash.  In  Chicory  Ash. 

,       ,  _  10-09  to  35-8i 

Sihca  and  sand    .      .      •  g.^g 

Caibomc  acid      .       •       •  Q.gg  313  to  5-3-2 

Extending  the  comparison  fiu-ther,  however,  we  find  in  a  variety  of 
other  vegetable  substances,  even  of  those  used  m  the  adulteration  of 
Srv  and  coffee,  an  exce'ss  of  all  the  constiU^nts  referred  to  abo^ 
over  the  quantities  usually  contained  m  coftee.  Some  ot  the  sub- 
stances in  which  excess  of  silica  occurs  have  already  been  mentioned. 

mZ^uIi  occurs  in  neariy  the  .--r^^i'^ntiL'ntiJyTf  fSe 
beet-root,  carrot,  and  turnip,  as  in  coftee;  the  qiiautity 
approximates  to  chicoiy  in  acorns,  parsnip,  canv^t,  tu™P,  d^^^^^^^ 
lion  roots-  lastly,  the  iron  is  excessive  in  dandelion  and  beet-ioot,  and 
Xld  be  'so  no'doubt  in  carrot  and  parsnip  roots  "-perfectly  cleansed 
rd  freed  from  dirt.  Besides,  all  conclusions  based  upon  an  exce.s  of 
fron  exceptThe  general  one  that  adulteration  with  some  substance 
contaiS  an  excess  of  that  metal  has  been  practised,  are  precluded  by 
Jhe  fact  that  chicory  and  other  roots  employed  to  sophisticate  coftee 
Ire  thlsefves  often  addterated  with  red  ferr.iginous  earths,  as  ^  ene- 
tian  reHnd  reddle,  which  themselves  frequently  contain  an  admixtuie 

^Slr^^^  ci^cSeS  with  any  of  the  cereals,  and  also  to  a 
less  extent  with  lupins,  pens,  and  beans,  is,  of  com-se,  distinguished  by 
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the  large  amount  of  phosphoric  acid  present.   In  coiFee  the  phosphoric 
acid  may  be  set  down  at  about  10  per  cent,  of  the  ash  ;  in  chicory  it 
varies  from  6-85  to  11-27 ;  in  lupins  it  is  usually  about  25  per  cent, 
and  in  maize  44  per  cent.  ' 

With  regard  to  the  nitrogen  of  coffee  and  chicory,  the  authors  of 
the  Eeport  imder  consideration  remarif :— '  The  proportion  of  nitrogen 
in  coffee  is,  therefore,  greater  than  in  chicory ;  but  the  difference  is  not 
sufficiently  marked  to  distinguish  the  two  substances  readily  from  each 
other.  The  conclusion  may,  however,  be  drawn  that  less"  than  2  per 
per  cent,  of  nitrogen  in  coffee  is  a  strong  presumption  of  adulteration.' 


DETECTION  OF  THE  ADTJITERATIONS  OF  CHICORY. 

By  the  microseope — It  is  obviously  best,  therefore,  not  to  zoaste 
time  an  the  prosecution  of  chemical  methods  of  research  leadino-  to  no 
certain  results,  but  at  once  to  have  recourse  to  the  microscope  •  by 
this  mstriunent  all  the  adulterations  of  coffee  and  chicory  with  veo-e- 
table  substances  are.  discoverable  with  ease  and  certainty  In  the 
case  of  chicory,  it  is  only  necessary  to  ascertain  whether  those  struc- 
tm-es  characteristic  of  its  root  (figs.  44,  45,  and  46)  are  present  or  not, 
to  obsei-ve  well  the  size  of  the  cells,  whether  they  contain  starch  or 
not,  the  size  and  character  of  the  vessels,  and  especiaUy  whether  vasa 
lacticentia  are  present. 

For  this  pmpose,  a  grain  or  so  of  the  powder  should  be  placed  on 
a  slip  of  glass,  a  drop  or  two  of  water  added,  and  the  laroer  par- 
ticles, which  swell  up  and  become  more  visible  than  when  in  the  di-y 
state,  torn  into  pieces  by  means  of  needles.  A  little  of  the  powder 
should  then  be  placed  on  a  clean  slide,  covered  with  a  piece  of  thin 
glass  and  subjected  to  examination  with  a  i-  or  i-inch  obiect-olass 

The  adidterations  of  chicory  being  for  the  most  part  the  same  as 
those  ot  coffee,  sunilar  means  must  be  had  recom-se  to  for  their  detec- 
tion: when  these  consist  of  vegetable  substances  of  any  Irind  the 
microscope  wiU  be  found  to  sup^^^^^  only  ready  and  certain  means 
ot  detection  ;  when  of  chemical  substances,  as  burnt  sug-ar  or  Venetian 
red,  chemical  methods  of  research  must  be  resorted  to.  For  a  detailed 
description  of  the  characters  of  the  various  substances  used  in  he 
adulteration  of  coffee  and  chicory,  and  of  the  means  for  theii-  discovery 
the  reader  is  referred  to  the  preceding  article  on  '  Coffee  ' 

IJetection  and  estimation  of  starch.-lh^  detection "  of  substances 
con  aining  starch  by  chemical  meam  is  attended  with  even  gi-eater  d?f! 
ficul  ies  than  m  the  ,  case  of  coffee,  the  blue  colour  develo^d  on  the 

SonVchi'coi^^"'  "^"^  ^^"'P  ^''^  «^  the  in! 

Starch  may  be  thus  detected,  however:  iodine  may  be  applied  to  a 
email  quantity  of  the  article  placed  under  the  microscope,  wS  the  blue 
coloration  which  ensues  wUl  be  immediately  recognised ;  bS  in  order 
to  determine  the  quantity  of  starch  present  we  must  proceed  as  follows 
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_A  careMly  prepared  infusion  of  the  article  is  to  he  luiide :  this  is  to 
he  divided  into  two  parts;  in  one,  the  su-ar  is  to  be  determined  by 
Fehling's  solution,  or  by  converting  it  into  alcohol  hv  fermentation  ; 
the  other  is  to  he  boiled  ^vith  dilute  sulphuric  acid  until  all  the  starch 
is  cha»o-ed  into  grape-sugar,  from  the  amount  of  which  present  (de- 
ductSf  of  course,  the  gktco'se  not  derived  from  the  conversion  of  the 
iarchfthe  starch  itself  may  be  calciUated  The  methods  for  the  esti- 
mation of  sugar  will  be  fouud  fully  described  m  the  article  on  Sugar 

Detection  and  estimation  of  Venetian  red  and ,  e^rf/.-fhe  endence 
of  the  use  of  reddle  and  Venetian  red  is  principally  denved  from  the 
incineration  of  a  certain  quantity  of  the  suspected  chicory  powder,  and 
bv  ana  vsis  of  the  ash.  All  vegetable  substances,  whether  coloured  or 
not7?iron  ncineration,  a  greyiBi-^-Mte  ash.  The  ash  of  coloured 
earthy  siibstauces,  on  the  contrary,  after  being  burned  m  a  crucible, 
rpmaius  more  or  less  coloured.  i      0.1.  ii. 

As,  however,  chicory  is  the  root  of  a  plant,  and  as  the  earthy 
matter  is  but  seldom  entirely  removed  from  it  by  washing,  the  ash  of 
Tv^n  o^enuine  chicory  not  imfrequently  exhibits,  on  this  account  a 
Stlo,-ee  of  coloration,  being  occasionally  bro^ish  or  of  light- 
fawn  colour  It  is  only,  therefore,  when  the  ash  is  decidedly  coloured 
and  especially  when  of  a  red  or  rusty-red  colour,  that  the  presence  of 
Venetrn  red,  reddle,  or  some  other  analogous  substance,  can  be  in- 

^'Ti^e^Vf^tftSrefore,  we  have  a  ready  means  of  determining 
whether  a  sample  of  chicor^,  or  any  other  vegetable  powder,  contains 
rSnLturS  any  ferruginous  colouring  matter,  a  conclusion  which 
mav  hp  confirmed  by  chemical  analysis.  ,  ,  ^ 

^SiM^^^vl^^n^^^  of  iron  is  sufficiently  indicated  by  the  colour 
of  the  asW chicory,  and  most  other  vegetable  substances  yet  m  some 
:  ses  ittcomes  /e'cessaiy  to  determine  its  anioimt.  For  a  ready 
method  of  effectino- this  obiect  see  the  article  on  iea. 

The  cases  then,  of  coftfee  and  chicory  afford  striking  lUustrations 
01  what  can  be  effected  in  the  discovery  of  adulteration  by  means  of 

*^'Th\7artX  on 'Chicory 'may  be  concluded  by  a  inference  to  the 
altemt^on  Sch  has  of  late  yeai4  taken  place  in  the  law,  whei-eby  it 
^  that  chicory  should  not  be  sold  mixed  with  coftee,  except 

Te  S  of  sic^adSm-e  is  specified  by  a  label.  This  law  is,  how- 
tue  lacT,  oij'^'-  The  mixture  is  sometimes  sold  without  the 

XiTn  othe^cales  itis^^^^^^  of!"  where  coffee  only  is  asked  for; 
If  l^Ls  of  the  label  are  often  hid  in  the  folds  of  the  Avrapper ;  and, 
iXln  som^^^^^^  the  so^alled  mixture  consists  abnost  entirely 
of  chicory. 
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CHAPTER  VII. 
COCOA  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

„f         ^T'f  rgetable,  or  mineral  substance,  or  more  than  2  per  cent 

of  the  husk  of  cocoa.    The  abstraction  of  a  portion  of  the  fat  not  to 

an  adulteration  ;  all  mixtures  of  sugar,  flou^r,  and  arrow-roo?s  or  starcJ  to  be 

ZTl?°t  ^- ""'"'^  ^'  "'^^r^'  ^•^^  definition  to  applyto  al  cho^dates 

chocolate  being  merely  another  name  for  cocoa.  cnocoiates, 

Cocoa  is  prepared  from  the  seeds  ot  Theobroma  Cacao,  bo  named  by 
lannjeiis  from  the  Greek  word  9,6c,  God,  and  fipS,,.'  food  sio-nt 
fymg  that  cocoa  is  a  food  fit  for  the  gods,  'it  belongs  to  the  naSl 
order  Byttnenace<e  or  Sterculiacece.  ^  natural 

Itis  asmaU  but  handsome  ti-ee,  indigenous  to  the  West  Indies 
and  Central  Amenca  'It grows  spontaneously  in  Mexico  and  on  the 
coast  of  Caracc^s  and  forms  whole  forests  in  Demerara.    It  is  cu  ti! 

The  seeds  or  beans  are  enclosed  in  a  pod  or  fruit  somewhat  like 
that  of  a  cucumber,  being  usually  about  fiye  inches  long  and  three 
^«er.    Eacb  fruit  contains  in  genera?  from  twenty 
to  thirty  bea^s,  disposed  in  fiye  rows,  which  are  diyided  fiSm  each 
other  by  partitions.^  Occupying  the  diyisions  of  the  fruit  and  sur- 

The  aboye  description  applies  to  fiaiits  of  ayerage  size  ;  sometimes 
the  fruits  are  so  large,  especially  those  grown  in  Centml  Tme™  a 
that  they  contain  as  many  as  from  forty  to  fiftv  seed^  •  1  ' 

as  those  grown  in  the  ^Vest  Indian  Snds  SiSe  o'nI  n  '''' 
are  much  smaller,  and  enclose  only  from'^x'^o  fit  en 

Dm-mg  maturation  the  fruits  chan/re  from  oreen  to  Al'..\r  ^  ii 
hey  are  then  plucked,  opened,  the  seeds  c^ear^d  of  the  i^gf  ^Jb' 
stance,  and  spread  out  to  dry  in  the  air.  spo°87  sub- 

In  the  West  Indies,  immediately  that  they  are  driprl  tl,P  \.^.^. 

tney  are  subjected  to  slight  fermentation;  for  this  miroose  thev 

tie  bets  KLtr  "  which  are  coyered  oy'erSh  boards^ 
ine  beans  being  turned  oyer  eyery  morning  to  equalise  the  ferment^ 
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atiou,  or  else  tliey  are  put  into  pits  or  trenclies  dug  in  the  earth. 
Lastly,  tliey  are  exposed  to  the  sun  and  dried. 

Dunn<^  the  process  the  beans  emit  a  good  deal  of  moisture,  lose 
weight,  as  well  as  part  of  their  bitterness  and  acrimony. 

The  seeds  which  have  undergone  the  process  of  fermentation  are 
considered  the  best;  they  are  larger,  of  a  darker  brown  colour,  and 
after  roastino-,  throw  off  their  husks  readily,  and  spht  easily  into 
several  pS  or  lobes.    They  have  an  agi-eeable  mUdly  bitter  taste, 

T^e  bear?/  Guiana  and  West  India  cocoas,  while  they  are 
smaller,  flatter,  smoother,  and  of  a  lighter  colour  are  also  more  ^liarp 
and  bitter  to  the  taste.  '  They  answer  best  for  the  extraction  of  the 
butter  of  cacao,  but  aftbrd  a  less  aromatic  and  agreeable  chocolate.— 

Johnston  states  that  the  bitterness  and  acrimony  of  taste  is 
gi-eater  in  the  beans  of  the  mainland  than  m  those  of  the  American 
Islands.  The  cocoa  of  Central  America  is  however  of  supenor  quality 
or  at  least  is  more  generally  esteemed  in  the  European  markets  than 
?Lt  wh  ch  is^o.^  in  the  West  Indies.  It  still  retains  a  greater 
deSe^bitterness,  and  this  may  be  one  reason  for  the  pi^ference 

^'''Tht' cocoa  of  Trinidad  is  the  variety  chiefly  consumed  in  this 

''""Sious  to  being  used,  the  beans  are  roasted  jn  an  apparatus 
similS  to  lhat  of  a  coffee-roaster.    When  the  aroma  is  well  developed 
?r  roasting  I  known  to  be  finished.    The  beans  are  turned  out 
cooled  and  freed  from  their  outer  husks  by  fanning  and  sifting  the 
nn^  'sS-like  husk  remaining  unbroken.  ..^y  the  ^asU^^^^^^^^ 
the  starch  is  converted  into  dextrm,  and  a  little  of  the  fat  into  latty 

Cocoa  has  been  in  use  in  Mexico  from  time  immemorial.  It  was 
intrS^c^d  into  Europe  by  the  Spaniaids  in  1620,  and  by  them  it  was 
long  kept  a  secret  from  the  rest  of  the  world. 

C05CP08ITION  OF  COCOA. 

The  following  is  the  composition,  according  to  Lamjpediiis,  of  100 
parts  of  the  seeds  of  West  Indian  cocoa  depnved  of  husk  :- 

Fatty  matter      .      •      •  ^^'^^ 
Albuminous  brown  matter,  contammg  the 

aroma  of  the  bean  '^  '^ 

^ta'^c*^  ;      ;  7-75 

Gfi'^. .  0-90 
Lig"i°«      ; 2-01 

Red  pigment   ,..2(, 

Water  

Loss   

100-00  parts 
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This  analysis,  which,  however,  so  far  as  it  goes,  is  one  of  the  best 
which  has  been  made,  entii-ely  overlooks  some  of  the  more  importan 
constituents  of  cocoa,  as  the  volatile  aromatic  oil,  the  theTblomZ 

The  proportion  of  .;«,-cA  appears  also  to  be  somewhat  underrated.  ^ 

s  analysis  corresponds  in  the  main  with 
above,  the  analvsia  fif ■fi^,.,>,«^  ^x,„^-±t}-         ^  "^i-u 


./  v^^v^^^iv^ii  o   tmo/iyoio  UU 

the  above,  the  analysis  of  the  former  chem 
Fatty  matter  . 
Albuminoid  matter 
Starch 
Cellulose  . 
Water  , 
Theobromine  . 
Mineral  matter 


ist  being  as  follows  : — 

.52 
20 
10 
2 
10 
2 
4 


100 

Water  Caked  Cocoa.  Flaked  Cocoa. 

Fatty  matter .'.*"•••  .^^o  .^'^^ 
Albuminoid  matter       !      *      '      '      '      f^'^^  54-90 

IheotoE      ^""^  25-47'  Itii 

Mineral  matter     !      i.     i      !      !      ;        J'g  ^.f 

100-00  100-00 

cocoa  18  much  smaller  °         quantity  ot  this  oil  m 

becaut\J&Thn'J^^^^^^  f-t-o  reasons;  first, 

who  has  met  ^th?w7per  c  nt  of  thfni  '^^^^^  ^"^^^^^ 

-lysis  the  quantities  'r:-fo^^Z7Z^  I'Sch^^^to^ 

0 
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1-2  to  1-5,  and  in  our  own  analyses  from  0-47  to  0-78.  Theobromine 

exists  also  in  smaller  quantity  in  the  .l^f      ^^^^^JSl    distinct  •  the 
The  hitter  and  astnnqetit  jynnciplcs  are  probably  distinct  tue 
hitternessis  greater  than  that  o'f  coflee,  but  the  astnngency  less  than 

%ltt;r%ror";7  is  the  predominant  ingredient  in  cocoa, 
form^n/ovS  onthalf  the  weight.    In  its  presence  cocoa  differs  re- 

""SX^rte^^^^^^^^^      of  cocoa,isof  theconsistence  oftaUow, 

'■■'S  !f^S°fBrd  in^^Bce  formating  soap,  ca.dlea,.nd  po,u.t^. 

render  the  cocoa  less  rich  ^"'i.^^^';!,^^"^^^^^^^^  is  acknowledged, 

objection  to  this  practice,  ,  *^\f^Xco  ^^^^^      value,  and 

Th'e  fat  thus  ---^J^^^^^^^^^^ 

and  astringent  principle,  gl^^ten,  gum,  ^c-  containing 

from  the  aqueous  or  a Icohohc  decoction  b^^^^  ^.^^ 
oflead  and  decomposition  f ,         S'^,^^^^^^^^^^^    possesses  a  bitter 
phuretted  hydrogen  J^^^  f^^^i^tSJ 

taste,  and,  according  to  ^f"?'  .         (.reen  or  brown  sreen  with 

acetate  of  lead  and  P™tf  ^^""^^f^^Vor  sLS^^^  violet,  with  ferrous 
ferric  salts  and  S^een  of  ^Jlov^^^^^^^^^^     vaH  s  n  each  cale  acconling 
ItSSCr::.  less  mixed  with  other  sub- 

^^^'^solution  absorbs  o^^en,  beccmies  a^^^^^ 

^t?  ^X^o'co^ed  n  i  s  unaE  sSe'istS  thus^l^-^Jo^^ 
^^'XUSrorX^  according  to  some  authonties,  form  about  12 
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■!]■;„„  r>  Percentage  of  husk. 

r  ine  Caracas  cocoa      ....  23-2 


San  Antonio,  Trinidad 
Fine  clayed  Bahia 
Finest  Trinidad  , 
Grenada  cocoa 
Trinidad  „ 


Average 


15-1 

12-  0 
15-0 
11-9 

13-  4 

13-4 


Matter  contataef  i„«the  hX^C,  tZi^LTSluoZ^ 


HUSK. 

BEAN, 

Soluble 
Ash. 

Insolu- 
ble Ash 

Total. 

Soluble 
Ash. 

Insolu- 
ble Ash 

Total, 

Fine  Caracas  cocoa 
San  Antonio,  Trinidad 
Fine  clayed  Bahia 
Finest  Trinidad  . 
Grenada  cocoa  . 
Trinidad  „ 

2-10 

4-  60 

2-  04 

3-  (54 

5-  01 

4-  17 

18-78 
13-65 
11-41 
7-79 
3-10 
7-79 

20-88" 
18-25 
13-45 
11-43 
8-11 
11-9G 

1-25 
1-25 

0-  90 

1-  00 
0-81 
Ml 

2-27 
1-73 
1-73 
1-93 
1-90 
1-70 

S-52 
2  98 
2-63 
2-93 
2-71 
2-81 

Average 

3-59 

10-42 

14-01 

1-05 

1-87 

2-93 
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probable  tbatthe  ash  extracted  bv  .f  ^  -ter  v^^^^ 

Lt  we  have  deemed  it  ^.f^^J^'^^l^Xl.^rZve^^^  ex- 
been  advanced  with  considerable  pre»  ^.^^ 
amination.    Thus-A  sample  of  Caracas  cocoa  ^^^^^^^ 
exactly  as  directed  V  Wanklyn,  yielded  12  U4pe^  c 

matters,  containing  2-88  per         «f  f^^Xe-S  of  soluble 

Trinidad  cocoa,  on  the  contrary,  yielded  only  6  52  per  cent, 
matters,  including  1-52  per  cent  ot  ash.  corresponds  at  aU 

It  wiU  be  obsei-ved  that  neither  of  these  ^^^.^^^  em- 
to  tieTactor  employed  by  Mi'.  W-^^J' -^^^^  Lv^  bei  bit  lilSe 
ploved  our  highest  figure,  upon  the 

^ore  than  half  the  amount  l^ad  we  b^ed  ^Wore 
lower  nmnber.    The  worthlessness  of  the  metnoa 

^SbjS^^^^      givethe  composition  of  the  «.Aof  the  cocoa 

bean : —  LetelUer. 

T>  .   u  •  33-4: 

Potash 

Soda 


Lime  . 
M  agnesia  . 
Sulphuric  acid 
Carbonic  „ 
Phosphoric  „ 
Phosphate  of  iron 
Chlorine 
Silica  . 


11-0 
17-0 
4-5 
1-0 
29-6 

0-2 
3-3 


Zedeler. 
37-14 

1-  23 

2-  9 
16-0 

1-5 
1-2 
39-6 

0-  7 

1-  7 


100-0  102-3 


It  i.  oWu,,  ftom  an  examination  of  to  abo^^^^^^ 
„h  of  cocoa  is  to  a  Tery  large  extent  rfuWe  m  wrter,  ^^^^ 

coooa^B«,ds.  J^A  ot  tl>6  toed  substance,  3  87  per  ccnt.^.^^ 

Silica 


Sulphuric  acid 
Chlorine 
Phosphoric  acid 
Lime  . 
Magnesia 
Carbonate  of  lime 
of  soda 


4-30 

0-  45 
38-18 

1-  94 
trace 
44-44 

7-83 

98-13 


phosphoric  acid. 
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THE  ANALTSIS  OP  COCOA. 


It  IS  very  seldom,  indeed,  that  a  fuU  analysis  of  cocoa  will  be 
required ;  as  already  stated,  the  following  suhstances  enter  into  its 
composition:  Water,  starch,  gmn,  fatty  matter,  volatile  oil,  red  pig- 
ment, albuminous  compounds,  theobromine,  fibre,  and  ash.  It  is  onlv 
xiecessaiy  to  give  processes  for  the  estimation  of  the  more  important 

St  r  r''''^'^^'  ^ll^^'^i^oiis  substances,  cocoa 

butter,  theobromine,  cocoa  red,  and  ash. 

,nvf?"''''''^''-^^Tr'^'^^^-ted  quantity  of  the  powdered  cocoa, 
S5  be  repeatedly  shaken  with  cold  water,  which  wiU 

dissolve,  besides  some  mineral  matter,  the  whole  of  the  gum  present 
The  solution  IS  to  be  filtered,  and  the'filti-ate  evaporated  onUwater: 
bath  nearly  to  dryness.    Strong  alcohol  is  added,  which  precipTtates 

Z  I^^--  alter  weighing  incinerated  in  a  weic^hed 

crucible  and  the  mineral  matter  thus  usually  obtained  is  to  be  "sub- 
tracted from  the  amoimt  of  crude  gum  ^»  sud 

i.,nf!t"'"^'''^f ''^T''^:~^^''l^''^°*^*y  of  cocoa  which  was  left 
mso  uble  m  cold  water  is  now  boiled  with  water  to  burst  and  dissolve 
the  starch  granules.    A  few  drops  of  sulphuric  acid  are  added  and  thp 

cot"?te?  ?n?oXfofr  '  "  '  o,er.LT:n'Zrcl''i 
f  Tf;  ^        glucose  or  grape-sugar,  which  is  estimated  by  means  of 

'  S^ar '  ^     ^''"^^  d^^'^ri^^d  under  tKead  of 

J^'i^^lfon  of  fatty  m«fter.-Thi-ee  grammes  of  cocoaaredried  in  the 
water-bath  and  exhausted  with  ether.  The  ethereal  solutSron  evapor- 
ation eaves  the  fat,  which  is  dried  and  weighed.    It  must  be  borneTn 

E         i?  ' *e»l»-OM"ie  resemblB  each  other  rer?  closelv  and 
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Estimation  of  the  albuminous  substances.— Tor  the  estimation  of 
the  gluten  a  combustion  for  nitrogen  with  soda-hme  has  to  be  made. 
From  the  amount  of  nitrogen  obtained,  a  quantity  comsponding  to  the 
amount  of  theobromine  found  is  to  be  subtracted.  Ihe  remamder, 
multiplied  by  6-33,  gives  the  percentage  of  albuminous  substanc^. 

Zimntii  of  cocoa  red.-ke  method  for  the  estimation  of  this 
substance  has  already  been  briefly  given  under  the  head  of  the  Com- 
position of  Cocoa.' 

Fig.  48. 


meters. 

Estimation  of  mineral  matters.— These  are  determined  by  incinera- 
tion^n  a  w^hfd  capsule,  as  abeady  described  in  seveml  places. 

THE  STRTJCTTOE  OF  THE  COCOA  BEAN. 
The  first  structure  noticed  on  the  surface  of  the  husk  consists  of  a 
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some  seeds  than  others  ;  they  do  not  appear  to  form  part  of  the  seed 
but  belong  rather  to  the  seed-vessel,  and  they  are  probaUy  derived 
from  the  spongy  substance  which  sm-rounds  the  seed??  the  fibrerfor 
'^^^^'^^Jt.'l'isr^''  *°  ^^^^         -       --e  of  the  fonTaS: 

Pig.  49. 


This  engraving  represents  the  iico  outer  tunics  of  the  k7,iH  nf       .    ,  ^  ^ 
tooeiher  xcUh  the  enlarged  and  w^ciia^.-ftmnf/c.^ 

mei"  ""'^      "'^'"'^''^  distinct  ttmics  or 

each^othJrlnS     IXf?' 'Tf      ^^°"^^*^d         adapted  to 

Ihe  tunic  is  constituted  of  large  angular  ceUs,  superimposed 

*  o  4 
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in  several  closely  connected  layers;  towards  the  centre  of  the  mem- 
brane formed  by  them  the  cells  increase  greatly  m  size,  their  pane  es 
become  thin  and  diaphanous,  and  their  cavities  filled  with  a  mucila- 
ginous substance,  which,  in  the  bean  soaked  in  water  for  some  hours, 
is  seen  to  be  considerable  in  quantity.  ^  „^n«  ,1p 

These  two  membranes,  together  with  the  enlarged  cells,  are  de- 

^^A^ the  ^ceilf forming  the  second  membrane  approach  the  surface  of 

Fig.  60. 


the  seed  they  lose  their  mucilaginous  character,  become  smaller,  and 

"Tnfw^t  3ce  of'an  entire  seed  enclosed  in  its  membrane  be 
•    /Itlrnl  raised  lines  or  fibres  wiU  be  observed,  commencing 
tCend  Tf  tie  s  eTattaS  to  the  seed-vessel,  spreading  themselves 
I  IpViJs  sm-face  and  terminating  at  the  distal  exti-emitA-  of  the 
Ltd-   L  ^h'e'rSe  composed  of  s,W  vessels,  which^^^^^^^ 
in  fibres  of  woody  tissue  and  the  cells  above  described  (fig.  50). 
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The  second  membrane  forms  the  chief  substance  and  thickness  of 
the  husk. 

The  third  membrane,  thin  and  delicate,  consists  of  angular  cells  of 
small  size,  the  cavities  of  which  contain  minute  globules  of  fat :  in 
removmg  the  outer  tunics  this  membrane  sometimes  comes  away  in 
paxt  with  them,  but  in  general  the  greater  portion  adheres  to  the  sm-- 
tace  of  the  seed.  This  membrane  covers  not  only  the  outer  sm-face  of 
the  lobes  of  the  seed,  but  also  dips  down  between  them,  and  furnishes 

Kg.  51, 


^"/««!r-^*^^T^f  ^^^fr^I*'.**'^''*'^^'''"'^^  noticed  are  delineated    a  third 

oShf  ^J'xtS' « 'i'^''        ■  5  it  is  most  evident,  however, 

exh  HfJt  „  "^""f-.  ^*  "  probable,  notwithstanding,  it  may  be 
relrded  afn  '  ^*"^tly  spealrinl,'  not  to  be 

regarded  as  a  distmct  structure ;  but  that  it  really  belongs  to  the  seed. 
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since  on  removing  it  cells  belonging  to  the  substance  of  the  seed  fre- 
quently come  away  with  it ;  the  colourless  cells  constituting  it  being 
evidently  gradually  transformed  into  the  coloured  ones  ot  the  seed 
itself.  To  each  seed-lobe,  therefore,  according  to  the  above  description, 
there  is  a  distinct  membrane.  .       ^      ,    ^  ^  * 

Situated  in  the  interspaces  of  the  lobes  is  a  fourth  structure,  at- 
tached externally  to  the  second  membrane,  the  cells  formmg  which 
pass  down  upon  it  for  a  short  distance ;  although  clear  and  transparent, 
It  exhibits  a  fibrous  structm-e,  and  on  its  surface  a  considerable  number 
of  smaU  crystals  are  always  to  be  seen,  as  well  as  many  elongat^ 
bodies,  rounded  at  either  extremity,  and  divided  into  several  compart- 

Fig.  52. 


ThU  fleure  represents  the  cells  which  form  the  kernel  of  the  seed.  Ju  A,  the  cells 
and  S^ied  starch  corpuscles  are  magnified  220  diameters  ;  and  in  5,500 
diameters. 

ments  or  cells,  and  which  do  not  appear  to  be  attached  to  the  mem- 
brane on  wWch  they  lie.  From  their  curious  appearance  and  the 
absence  of  comiexion  with  any  of  the  other  structures  of  the  cocoa- 
seed  the  observer  is  led  to  suspect  that  they  are  extraneous  and  pro- 
bably fungoid  growths.  We  have  detected  them  m  every  sample  of 
ponoa-seed  submitted  to  examination  (fig.  51).  i  .  + 

We  have  now  completed  the  description  of  the  several  structiures 
which  enter  into  the  composition  of  the  husk  of  cocoa. 
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^^Pi'^^'sd  of  its  liusk,  is  seen  to  be  composed  of  several 
lobes,  angular  in  form,  and  irregixlar  in  size  and  shape  ;  under  pressure, 
these  readily  separate  from  each  other,  and  the  seed  breaks  up  into 
pieces,  which  are  laaown  as  '  nibs.' 

The  lobes  are  constituted  of  innumerable  minute  cells,  of  a  rounded 
lorm,  the  cavities  of  which  are  filled  with  starch  corpuscles  and  fattv 
matter  (fig.  52).  ^ 

On  the  surface  of  the  seed  these  cells  are  rendered  angidar  by  com- 
pression, and  are  usually  of  a  deep-red  colour:  the  tint,  however, 
\  anes  greatly  ;  they  are  Irequently,  in  parts,  spotted  with  purple,  and 
even  deep  blue.  ^      ^  i  r   r  ; 

Fig.  53. 


?r  ^i  k"  ^''^•'^     a  sample  of  Genuine  Tbdjidad  Cocoa 

It  will  be  noticed  that  0^  tissues  formivg  the  Imsk  of  cocoa  are  and  that 

th<^  of  the  seed  itself  are  mucti  broken  up.  many  of  the  ceU^  being  Ctu^^^^^ 

l^-^^TXL-Zt^y^^^^^^^^^  ..ye^°nrse/^l 

roun^M  '  v  T"/  corpuscles,  small  in  size,  of  a 

rovmded  form,  and  which  often  present  an  obscure,  radiate,  or  stellate 

Placed  at  one  extremity  of  the  seed  is  the  mhryo  ;  this  consists  of 
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ceUular  tissue,  the  cells  or  meshes  of  which  enciose  numerous  starch 
sn-amiles  aud  spherules  of  oil.  i.  i     r  xi. 

Now,  in  the  more  carefuUy  prepared  cocoas,  the  whole  ot  the 
structures  represented  in  figs.  48,  49,  50,  and  51  are  absent,  and  those 
delineated  in  fig.  52,  and  especially  53,  only  are  met  with:  m  some 
cases  the  embryo  even  is  removed;  but  this,  since  it  forms  so  incon- 
siderable a  part  of  the  entire  seed,  and  contains,  moreover,  starch  and 
fat,  appears  to  be  almost  an  over-refinement. 


Fig.  54. 


VxhiUU  the  structures  present  in  a  sample  of  Flaked  Cocoa,  which  usually 
™n  atnf  A^wil-.   a  a,  tubular  fibres  on  surface ;  b  6,  second  mem- 

hrnnP  of  husk  •  c  c  spiral  vessels ;  d  d,  cells  of  kernel ;  e,  membrane  covering 
IS  /^s^ue  of"  embryo;  free  masses  of  starch  granules  ;  ft  A,  loose 
starch  corpuscles. 

THE  PROPERTrES  OF  COCOA. 

Cocoa  may  be  considered  under  two  heads ;  as  regards  its  action  on 
the  nervous  and  vascular  systems,  and  as  a  direct  "utntive 

The  nhvsiological  properties  of  the  aromatic  oil  of  cocoa  and  of  taa 
theobronlZ  are  Jrobably  similar  to  those  of  the  corresponding  consti. 
tuents  of  tea  and  coffee. 
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The  special  actions  of  the  volatile  oils  of  tea  and  cocoa  have  not 
yet  been  scientifically  investigated ;  those  only  of  the  oil  of  coffee  have 
hitherto  been  made  the  subject  of  experiment;  but  from  analogy 
there  is  good  reason  for  supposing  that  all  these  oils,  which  so  closely 
resemble  each  other  in  their  physical  properties,  agi-ee  also  in  all  essen- 
tial particulars  in  their  physiological  actions. 

The  volatile  oil  of  coffee,  taken  in  moderate  quantities,  as  already 
stated,  produces  a  gentle  excitement  of  the  nervous  and  vascular 
systems,  retards  the  waste  of  the  tissues,  as  does  also  caffeine,  and  hence 
allays  hunger. 

The  caffeine  of  coffee  and  of  tea,  retarding  the  waste  of  the  tissues, 
IS  hence  indirectly  nutritive,  the  quantity  of  urea,  phosphoric  acid, 
and  salt  in  the  urine  being  diminished. 

As  a  nutntive,  cocoa  stands  very  much  higher  than  either  coffee  or 
tea,  in  consequence  of  the  large  quantities  of  fat,  starch,  and  gluten 
contained  in  it. 

It  is  true  that  tea  contains  a  larger  proportion  of  gluten  than 
cocoa,  but  most  of  this  gluten,  owing  to  the  manner  in  which  the 
infusion  is  prepared  and  drunk,  remains  in  the  leaves,  and  the  benefit 
of  it  is  of  course  lost  to  the  system.  Again,  tea  does  not  contain 
butter  or  starch.  In  the  case  of  cocoa,  an  emulsiwi  of  the  seed  is  made 
and  m  this  way  all  the  active  and  nutritious  constituents  of  the  article 
are  consumed.  Owing  to  the  large  quantity  of  oily  matter  present 
cocoa  IS  fattening,  but  is  apt  to  disagree  vdth  some  delicate  stomachs. ' 

THE  ADrrLTERATIONS  OP  COCOA. 

The  roasted  beans  or  seeds  of  cocoa,  when  ground  and  reduced  to 
paste,  constitute  flake  or  rock  cocoa,  which  consists,  when  it  is  genuine 
of  nothing  but  cocoa.  ' 

Other  names  under  which  cocoa  is  sold  in  this  coimtry  are  granu- 
lated, soluble,  dietetic,  homoeopathic,  &c. 

Now  there  is  nothing  in  these  names  to  indicate  that  the  articles  in 
question  are  anything  more  than  varieties  of  cocoa,  or  to  show,  what 
IS  too  frequently  the  case,  that,  they  are  compounds  of  sugar,  starch 
cocoa,  and  oftentimes  other  substances.  ' 
_  The  practice  of  calling  these  mixed  articles  COCOA  is  manifestly  as 
improper  and  deceptive  as  it  is  to  call  the  compound  of  coffee  and 
chicory,  Patent  Compressed  Coffee,  Finest  Old  Turkey  Coffee,  &c. 

An  article  should  be  sold  for  what  it  really  is,  and  under  its  "own 
name ;  if  it  be  right  to  sell  these  mixtures  at  all,  they  should  be  sold 
I  as  the  law  now  compels  chicory  and  coffee  to  be  sold,  and  should  be 
I  labelled  as  mixtures.  Further,  the  proportions  of  the  several  ingredients 
«  entering  into  the  composition  of  the  mixed  article  should  be  stated  on 
t  the  wrappers. 

The  French  and  other  continental  manufacturers  of  cocoa  adopt  a 
I  more  straightforward  and  proper  course :  they  never  call  their  com- 
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pound  and  manufactured  articles  cocoa,  but  chocolate;  thus  they  eye:, 
denominate  the  cakes  which  they  prepare,  and  whicli  contain  nothing 
hut  cocoa,  'chocolat  sans  sucre,'  although  with  strict  propnety,  they 
mio-ht  in  this  case  have  used  the  word  cocoa.  _  ,  •  ^ 

"The  cocoa,  then,  of  the  Englisli  makers  in  general  is  not  cocoa  at 
all-  whenever,  therefore,  the  word  cocoa,  to  which  an  adjective  o. 
^definite  signification  is  prefixed,  is  employed  to  designate  an  article 
wWch  is  not  pure  or  gendne  cocoa,  that  article  ought  to  he  constderec 

"  The  worlfs  of  Accum,  Brande,  Ure,  and  Pereira  contain  hut  little 
information  respecting  the  adulteration  of  cocoa ;  the  on  y  English 
writers  who  have  treated  of  it  at  all  fully  being  Mitchell  and  ^or- 

""""tS  first  of  these  authors,  Mitchell,  has  the  foUowing  observations 

*  oVotolatV^  adulterated  with  flovu-,  potato  starch  and  sugar 
to<^ethei  with  cocoa-nut  oil,  lard,  or  even  tallow.    Even  the  so-called 
finit  chocolate  is  made  up  with  clarified  mutton  suet  and  coimnon 

'^^r:^::^^^^  n  WlW-if  it  .elt  in  the  niouth 
without  leavL-  a'cool,  refreshing  taste-if  it,  on  the  addition  of  hot 
water  becomes  thick  and  pastv-and,  lastly,  if  it  form  a  gelatmous 
mass  on  cooling,  it  is  adulterated  with  starch  and  such-hke  sub- 

Where  earthy  and  other  solid  substances  are  deposited  from 
chocolate  mixed  with  water,  either  the  beans  have  not  been  well 
clantd  iSr  sugar  has  been  employed,  or  m  neral  substances  ha^e 
been  added  to  it,  either  for  the  purpose  of  colouring  or  of  increasing  it. 

"^"'^llloreover,  when  chocolate  has  a  kind  of  cheesy  taste,  animal  fat 
h.s  W  adde'd ;  and  when  veiy  rancid,  either  vegetable  oil  or  even  the 
teds  themselves,  have  been  employed  in  the  sophistication 
^  The  mineral'  substances  employed  in  the  making  up  ot  chocolate 
X  nohre.  both  red  and  vellow,  together  with  mmium 
?"dTead)  ve  mVot  Sptte  of  hme,  chalk,  &c.;Ohocolates,so  adul- 
i  more  especially  ^th  the  preparations  of  lead,  ai-e  highly  in- 

P':^^-   "^^ZTeZ,  only  the'inLior  chocolates  that  are  thus 

^■^^  From' ?he  work  of  Normandy  we  extract  the  followiBg  remarks  :- 
ahifoi  Wtelv  however,  manv  of  the  preparations  of  the  cocoa-nut 
1^  Wer  hrnames  of  chocolate,  of  cocoa  flakes  and  of  chocokte 
sold  under  tbe  dis-usting  mixture  of  bad  or  musty  cocoa- 

PT  wHhTeir  shell?  coa;  ^sugar"of  the  ver^^ 

"""^ll'  TnJatr.taiJh   oirsea-bism^^  coarse  branny  flour,  animal  fat 
potato  ^taucli,  o  a  i  tave  Imown  cocoa  powder  made 

(f^^rl^lrr'moi'tened^with  a  decoction  of  cocoa-nut  shells,  and 
ti:i^j:^^^tr^^^  -de  of  the  same  material.,  with 


COCOA  AND  ITS  ADULTEEATIONS.  207 

the  additions  of  tallow  and  of  oclare.  T  have  also  met  with  chocolate 
in  which  bnck-dust  or  red  ochre  had  been  introduced  to  the  extent 
ot  1-2  per  cent. ;  another  sample  contained  22  per  cent,  of  peroxide 
ot  iron,  the  rest  being  starch,  cocoa-nuts  with  their  shells,  and 
i  Messi-s.  Jules  Garnier  and  Harel  assert  that  cinnabar  and 

red  lead  have  been  ibund  in  certain  samples  of  chocolate,  and  that 
serious  accidents  had  been  caused  by  that  diabolical  adulteration 
Genuine  chocolate  is  of  a  dark  brown  coloiu- ;  that  which  has  been 
adulterated  is  generally  redder,  though  this  brighter  hue  is  sometimes 
given  to  excellent  chocolate,  especially  in  Spain,  by  means  of  a  little 
annatto  I  his  addition  is  unobjectionable,  provided  the  annatto  is  pure 
wiiicb,  however,  is  not  always  the  case.' 

Bo  Su(/ar  and  Starch  render  Cocoa  Soluble  f 

In  defence  of  the  practice  of  selling  sugar,  flom-,  and  cocoa  under 
the  name  of  cocoa,  it  is  alleged  that  these  articles  render  the  cocoa 
more  soluble  and  more  diyestible  than  it  would  be  alone.  In  reference 
to  these  statements  the  foUowing  considerations  present  themselves 

V\  iien  a  cup  of  cocoa  is  made  by  pouring  hot  water  upon  it,  the 
sugar  of  course  dissolves,  as  when  added  to  tea  or  coflee :  but  the 
certainly  has  no  eftect  whatever  in  making  the  cocoa  more  so/u'ble 
or  more  digestible;  and  the  consumer  at  aU  events  might  be  left  to  add 
It  for  himself  as  he  does  to  his  tea  or  coftee.    The  starch  or  iarina 
usuaUy  added  to  cocoa,  when  boiling  water  is  poured  upon  it,  forms  a 
paste  or  jelly,  only  partiaUy  cooked,  and  moi-e  or  less  thick  This 
serves  to  entangle  the  particles  of  cocoa-oil,  and  to  prevent  them 
rom  ascending  to  the  sm-face,  and  collecting  there  in  droplets.  In 
a  cup  of  cocoa,  therefoi-e,  for  an  equal  quantity  of  cocoa,  there  is  just 
as  much  oil  as  though  no  starch  were  present,  although,  it  is  tine 
part  IS  concealed  from  view.    So  far  Lm  rendering  cocoa  more 
^l^f'^'W^^-^-^>^^-S  only  imperfectly  cooked  by  the  bX' 
water,  really  has  a  contrary  eflect.    Of  course  the  more  su-ar  and 
starch  added  to  the  cocoa,  the  less  cocoa  there  is  in  the  m  Sure  and 
he  less  oil  ;  but  nearly  the  same  end  would  be  obtained  by  usSg 
ess  of  genuine  cocoa.    Moreover,  starch  in  the  proportion  of  abTut 
12  per  cent,  is  one  of  the  natural  constituents  of  the  cocoa  bean 
starfb  ff  ^  "^^^  ■  ""^'^^^  of  argument,  that  the 

ment  iu^  it  cfn'  of  the  question)  is  really  an  improve! 

ment  but  It  can  only  be  so  m  certain  p.-oportions ;  yet  when  we  come 
'  to  analyse  different  preparations  of  cocoa  we  find  that  the  proportions 

IZXL  such  large  additions  as  these  cannot  possibly  con- 

1  sr;— treiitt:^^^^    ^^''^  ^^^is..r.Ue 

imente^fnv?nf  ^^'"^  ^^^'^'T      ^^"""^        ««&ar  are  not  improve- 
-"u,,  duyooay  may  satisfy  himself  by  contrasting  the  smeU  and  taste 


208  COCOA  AND  ITS  ADULTEIUTIONS. 

of  a  cup  of  cocoa  made  from  genuine  flake  or  rock  cocoa,  and  one  made 
from  tlie  ordinary  mixed  article.  ,  i     •  . 

Nevertliele88>e  do  not  go  the  length  of  statmg  that  such  mixtures 
oncrht  not  to  be  permitted;  but  we  are  of  opmion  that  they  should 
be  sold  as  mixtures,  and  the  proportions  of  the  ingredients  stated  on  the 

^""^KMb  of  starch  e»«;>Zo.!/<3c?.-Nearly  every  kind  of  flour  and  starch, 
esnecially  such  as  are  inexpensive,  is  added  to  cocoa.  In  the  cheaper 
descriptions  of  cocoa  wheat  four,  potato  starch,  and  sago  meal  are 
chiefly  used,  as  well  as  mixtures  of  them  in  different  proportions ;  one 
dealer  -iving  the  preference  to  one  kind  of  starch  or  mixture,  another 
to  another  kind.  In  some  of  the  more  expensive  cocoas  East  Indian 
arrowroot  and  Tons  les  mois,  or  mixtures  of  these  with  the  cheaper 

starches,  are  employed.  „  ,  j 

Quality  ofmgar  employed.-Th^  quality  of  the  sugar  "sed  vanes 
from  white  lump  to  the  inferior  descriptions  of  brown  and  treacly 

''''^'Adulterati^  with  animal  /«i.-Now  the  excessive  reduction  of 
cocoa  by  means  of  sugar  and  starch  sometimes  renders  the  employment 
of  animal  fat  necessary  to  give  it  a  richer  character.  •  ^„ 

The  real  secret  of  the  almost  constant  use  of  starch  and  sugar  is  to 
be  found  in  the  cheapness  of  these  articles,  and  not  m  any  advantages 
supposed  to  be  derived  from  their  admixture  with  cocoa ;  this  we  shall 

^^Ve^re'cltS'  tbe  form  of  Aake,  rock  or  roU,  is  -Id  at  about 
1..  e/per  pound ;  Wheat  flour  may  be  purchased  at  .  Potjt« 
sago  meal  at  about  M.  or  per  pound ;  sugar  at  f  •  t«^^.  per 
pound.  The  mixtures  of  cocoa,  starch,  and  sugar  are  sold  at  from  &d 
to  278rf  per  pound.  Let  the  reader  compare  these  prices  with  the 
Sst  ^f  whea^  and  potato  flours,  and  he  will  then  perceive  what  a  field 
for  imposition  and^xtortion  the  admixture  of  these  substances  with 

""'seSfakde  however,  the  question  of  price,  and  whether  the  ad- 
mixtSstS  with  cocoa  is\ttended  with  ^^^^  advantages  or  not 
^n  the  same  principle  as  we  objected  to  the  caUing  of  the  mixture  of 
^hi^OTV  and  coffee-coftee,  we  also  object  to  designatmo:  a  compound  of 
SrTsugar  and  cocoa  by  the  name  of  the  latter  only,  adjective 
£?prefixed  to  the  word  cocoa,  indicating  the  presence  m  the  article 

''''Id^S^^a^^'^T^Mcory.-B.t  thei.  are  other  ^ultei^tions  of 
cocoitmeSies  practised  but  which  have  not  yet  been  referred  to, 
+v,^ca  w^tVi  rhicorv  and  the  husk  of  cocoa.      •        .  , 
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shown,  forms  about  13  per  cent,  of  the  seeds,  and  which  i&,  almost 
destitute  of  active  and  nutritious  principles. 

Nevertheless  the  husk  is  almost  constantly  present  in  the  cheaper 
cocoas  of  British  fabrication :  the  Fi'euch  makers  rarelv  make  use  of 
the  liusk,  but  sell  it  at  about  3d.  per  lb. 

There  is  good  e^-idence  to  show  that  in  some-  cases  the  frao-ments; 
of  husk  prove  irritating  to  the  intestines  and  occasion  diarrhoea'^ 

Johnston  states :  '  This  husk  is  usually  ground  up  with  the  ordinary 
cocoas,  but  it  is  always  separated  in  the  manufacture  of  the  purer 
chocolates.  Hence,  in  the  chocolate  manufactories  it  accumulates  in 
large  quantities,  which  are  imported  into  this  countiy  fi-om  Trieste 
and  other  Italian  ports  uuder  the  name  of  "  miserable."  Here  the 
husk  is  partly  ground  up  in  the  inferior  cocoas,  and  is  partlv  de- 
spatched to  Ireland.'  , 

Mr.  George  Phillips,  in  evidence  before  the  Parliamentarv  Com- 
mittee on  Adulteration,  in  1855,  stated:— 'In  one  case,  where"  I  suc- 
ceeded m  getting  the  proportions,  from  a  manufacturer,  of  what  he 
called  his  best  soluble  cocoa,  there  were,  in  his  own  language,  cocoa ' 
42,  lump  42    white  and  red  52.     The  cocoa  represents  the  nut 
the   lump  the  sugar,  and-  the  white  is   starch;  the  red,  oxide 
ot  iron  to  colour  it.    The  percentage  of  cocoa  in  that  sample  would 
be  60  per  cent.,  and  that  was  stated  bv  the  manufactiu'er  to  be  his  best 
soluble  cocoa:    If  that  was  his  best"  Cocoa,  what,  Ave  wonder,  was  the 
composition  of  his  worst  ? 

The  adulteration  with  Venetian  red  and  other  ferrvbginous  earths  — 
Venetian  red  and  other  feiTuginous  earths  have  been  lono- employed 
m  the  adulteration  of  cocoa  in  order  to  restore  the  colour  reduced  by 
adulteration  with  large  quantities  of  starch  and  sugar.  As  we  have 
seen  Mitchell,  Normandy  and  Phillips  all  refer  to  this  practice,  and 
the  former  states  that  red  lead  and  vermilion  have  been  sometimes 
employed. 

It  should  be  known  that  Venetian  red  and  other  ferruo-iuous  earths 
are  sometimes  contaminated  with  arsenic.  ° 

Adulteration  ivith  cA^/Z;.— This  substance  has  been  occasionallv 
used  in  the  adulteration  of  cocoa,  as  also  sidphate  of  lime  or  gypsum 
Although  fonnerly  employed,  especially  the  chalk,  it  is  rare  to  meet 
With  either  of  them  in  the  present  day. 

Results  of  the  Examination  of  Samples^- 
n  n«  7^^  •  ^'^^       State  the  results  derived  from  the  examination,  chemical 

Wirr^^T'? '/  "  ^T'^  '''''''^f  ''■f  of  different 

^    purchased  fi-om  dealers  resident  in  the  metropolis,  and  made 
*  some  years  since.  r  j 

,wer2!  ""^'"^^         examination  of  fifty-four  samples  of  various  kinds 
That  eight  samples  were  genuine,  these  being>^eand  rock  cocoas  ; 
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that  is,  they  contained  no  sugaf  or  starch,  hut  consisted  entirely  of 

''"'That  mqar  was  present  in  forty-three  Bamples,the  amount  forming 
fro-u  5  to  as  much  as,  in  Some  cases,  50  per  cent,  of  the  article. 

That  8^  was  detected  in  forty-six  of  the  so-called  cocoa.,  the 
'amount  likewise  varyinp:  from  5  to  50  pet  cent. 

To  such  an  extent  did  some  of  the  samples  consist  of  sugar  ana 
starch,  that  they  contained  only  sufficient  cocoa  to  impart  some  degree  _ 

°'  LlXlhltSotsWeijvht  samples  of  cocoa  and  chocolate,  the 
.s/.i  c^f  wh\ch\vere  suhmitted  to  eXannnation,  tlnrty-mne  contamed 
colo m-ed  earthy  substances,  as  reddle  VencUan  J' 

When  it  is  remembered  that  the  i-elatiye  pnces  \'^^^^^^'>^J 
T^otato  starch  and  sag-o  meal,  also  of  su-ar,  especially  brown  sugar, 
Cf  so  sSall  a  proportion  to  that  of  the  cocoa  itself,  it J^1ll  readily 
nSeiltoTd  W°i-eat  is  the  inducement  to  subst  tute  these  articles  for 
undeistooa  ^ow  le  apparent  that  it  is  not  out  of  simple 

re^Td^Tom-^Sstir^r^^  are  added  to  cocoa  in  such 

^''"^hrextenrio  which  the  adulteration  of  cocoa  is  carried  may  be 
•  A  ^  IwhP  fact  that  the  price  at  which  some  of  the  inferior  cocoa 
Su-ef  ai  soldt  much  lei  than  that  at  which  genuine  cocoa  can 

Sot  moceedinc.  to  point  out  the  methods  by  which  the  various 
adufteS^Lrof  c^^^^  ma'y  be  discoyered,  a  few  remarks  may  be  made 
•on  chocolate. 

CHOCOLATE. 

TTrillke  cocoa  chocolate  is,  as  is  well  Imown,  a  manufactured  article; 
the^r^nchpTticlrly  excel  in  its  preparation,  making  a  yariety  of 
combinations  of  cocoa  ^^^^^^^^^^^^  and  various  lands 

nTim^lg  rJoStd  scent,  vanilla  and  cinnamon  are  chiefly 
''''occasionally  a  medicinal  chocolate  is  pi;epared  with  «^leP'  *  ^ecuj^ 

^  nil  corn  flour,  and  sasro  meal. 

The  thinl  of  13  pSrts  sugar  and  10  parts  sago  to  the  100  parts 
fauA  sample,  being  obtained  from  the  same  maker,  had  the 
same  composition  as  the  fii'st. 
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The^fth  contained  15  per  cent,  of  a  mixture  of  wheat  floiir  and 
potato  starch,  but  no  sugar. 
The  sivtk  contained  14  per  cent,  of  sugar  and  16  of  potato  flour 

liie  semt^A  _ consisted  of  14  per  cent,  of  sago  meal,  with  a  little 
sugar,  tile  remainder  bemg  cocoa. 

The  eiff/ith  of  a  mixture  of  cocoa  and  sugar  made  into  a  paste  with 
ZS'tht^Thalf  ^""""^^  °f  tliearticle%r  little 

the  ^jJ;^J'°'^P'^'^*^°°  0^ '^''^h  ^-^^^i^  and  elevejith  samples  was  nearly 

e,n.J^^     "-^^  '^""P]®  ^""^        ''P  °f  ^  mixtiu-e  of  sugar,  potato  flour 
sago  meal,  water,  and  cocoa.    The  sugar  and  water  fo?me(f  42  par ts  of 

ha'lfThf  :;ticb^  ^"'^ '       ''''^        foid  Cthan 

Besides  the  above  ingredients,  several  of  the  chocolates  contained 
colourexlfe,-rugmous  earths.    Generally  the  proportion  of  starch  wa^ 
much  less  than  in  some  of  the  cotoas  examined, 
ur^ed  ^  compound  article,  no  valid  objection  can  be 

urged  agamst  the  presence  of  sugar  and  starch,  provided  the  comnosi- 

thp7n'l^°11^''^-  ^""^^      ^  ^^^«^<ier^d  are,  the  pS  of 

he  article,  and  the  proportions  andqualily  of  the  ingredients  okSich 

I  tified  earths  of  "course  cannot  be 


ON  THE  DETECTION  OP  THE  ABTOTEEATIONS  OJ-  COCOA. 

The  articles  employed  in  the  adulteration  of  cocoa,  and  with  the 
cSl        /  ?/  varlous>t«-s  and  starches,  husk  of  cocoa, 

..rt.^  '■^^^f,^^^'^  y  stercA  5y  means  of  the  microscope.-The  onlv 
certam  method  by  which  a  knowledge  of  the  Idnd  of  stfrch  Zllo^d 
can  be  obtamed  is  by  means  of  the  microscope.  In  some  caS  how- 
ever it  IS  necessary  to  ascertain  the  quantity  of  starch  i^esenr 

f  11  P™'^ipal  ^tarches  employed  in  tlie- adulteration  of  cocoa  are 

talci^T^Ti";^^  ^"^^  P^*^*''  ^'^>  I^di^"  corn,  sago  meal 
tapioca,  East  India,  Maranta,  and  Tons  les  mois  arrowi-oots  Now 
all  these  starches  possess  characters  by  which  they  mayTreadilv dil' 
tmgmshed  from  each  other  by  the  aid  of  the  microscope  ''^^"^y^" 

11  perrnl  ^'IZT^^'L)""'''''','  ''''''  itsel/ contains  about 
m  he  adultemtaon  of  cocoa;  besides,  the  starch  gmni^es  Jcocoa 

reco™lte  ^r^'f  '^''^>  t^ieonlymeans  formerly 

recommended  by  writers  for  the  discovery  of  the  adulteration  of  cocoa 

T>  9 
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^vitli  starcli  was  by  iodine,  wMch  of  coui-se  gives,  if  P^^y  ^^^f^ 
indications  of  tlie  presence  of  fecula  m  eyeir  ^^e  ;  ^^^^ 
was  even  hinted  respecting  the  employment  of  the  «°^elv  the  mt 

head  of  '  rioiu: ; '  but  they  have  abeady  been  bnefly  noticed  and  repre 

Pig.  55. 


SUPEMOR  SOLOTT.E  COCOA. 

„  „  a,  starch  corpuscles,  cells,  and^P-J-^^l^  o£  cocoa  ;  6  6  6,  granules  of 

sented  when  describing  the  adultex-ations  of  chicory  and  coffee  (figs, 
i'ctracters  of  potato  flour  wiU      ^escnl^d  under^th^^^^^^^^^ 

fxtrenSt  af  eacb\^;nule.    They  are  well  represented  m  fig^  6o 
.    Se  ctcter8  0fs^<70  meal  will  also  be  given  under  the  head  ^ 
.  „        "^""^^  m-anules  although  smaUer  than  those  of  potat^,  are 
iTf  conlfderffitt,  but  tLy  are  easily  distinguished  by  bemg 
touncate  at  one  extremity,  as  represented  m  fig.  5b. 
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In  fig  57  the  starch  granules  of  potato  Jour  and  sano  meal  are 
delineated :  it  will  be  seen  that  the  differences  are  very  considerablfl 
and  obvious. 

The  starch  granules  of  Indian  com  are  of  about  the  size  of  those  of 
wheat  floiu- :  but  the  gi-eater  number  of  them  are  polygonal,  and  hence 
they  exhibit  a  more  or  less  angular  outline.    See  article  '  Flour.' 

Kg.  S6. 


PUHE  HOMOSOPATHIO  COCOA. 

a  a  a,  starch  granules,  cells,  and  fragments  of  cocoa  ;  6  6  6,  granules  of  ,ago 

meal, 

CiirlSL'orFw  t'V^'  ^'^^"^'^  «^  0^  West  Indian, 

les  mo^      W    ^^T.\  ^T""^^  arrowroot,  and  of  Tons 

les  mois,  will  be  found  fully  detailed  in  the  article '  Arrowroot.' 

The  granules  of  JEast  Indian  arrotvroot  are  very  flat  •  the  stri^  unon 
SylrnotniSr"  '-'r,  anf  thr^enTal 

B^JJ'lfT^  ^""7^''  ^''^  -^"^^'^^  ^rroioroot  are  of  nearly  the 
Se  janule.   '  ^'^"'^  ^^^'^^         transversely  across 

mulfcLl/rr.1  "^'''"'•'"'^  are,  like  the  starch  granules  of  sago, 
muuei-shaped,  but  they  are  several  times  smaller. 
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Lastly,  tlic  starch  gi-anules  of  Tons  les  mow  differ  from  all  the  others 
iu  hemg  vei-Y  much  larger  ;  they  are  flat,  ^«th  stronprly-marked  stn£E 
^^.hich  descnhe  segments  of  ckcles  only,  and  they  present  a  small  hut 
well-marked  central  hilum  (fig.  58).  ,  ,      j     •  7 

On  the  detection  and  estimatim  of  starch  by  chemical  meansr- 
The  detection  of  starch  in  cocoa  may  be  effected  m  two  ways:  either 
by  taking  a  minute  quantity  of  the  suspected  cocoa,  diffusing  it  in 
water,  and  placing  it,  after  the  addition  of  a  small  quantity  of  a  solu- 
tTon  of  iodine,  imder  the  microscope,  when  the  starch  gi-anules,  whether 

Fig.  57. 


Celebrated  Soltibm:  Cocoa. 
„  a  a,  granules  P.d  cells  of  cocoa  granule,  of  ,oiaio  flour  ;c.c,  ^-a.ules 

cocoa! -beu  ttVhole  solution  will  exhibit,  more  or  less  strongly, 
the  characteristic  bhie  colour.  j^j^l^ 

)s  often  present  togetuer  ^uu  decoction  of  one  or  two 
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and  allowed  to  cool,  in  order  that  the  fatty  matter  may  become  solid 
and  admit  of  being  for  the  most  part  readily  separated.  The  decoc- 
tion IS  then  boiled  for  five  or  six  hours  with  a  few  drops  of  sulphuric 
acid,  imtil  all  the  starch  has  become  converted  into  glucose,  which  is 
then  determmed  by  means  of  the  copper  solution.  100  parts  of 
glucose  correspond  to  90  parts  of  starch.  Allowance  must,  of 
course  be  made  for  the  starch  naturally  present  in  cocoa,  amounting  to 
about  11  per  cent,  . 

On  the  detection  and  estimation  of  suga?:~The  presence  of  sugar 


PO-CALLED  HOMCEOPATHIC  COCOA. 

o  a  a,  granules  and  ceUs  of  cocoa  ;  b  b  b,  granules  of  Cnmia  slanh  or  Tous  le, 
mou ;  c  c,  granules  o£  tapioca  starch. 

■  Quantit?  Z\  ^f^^^^  >  '^'^  t^^^-    To  determine  the 

q  antitv,  the  foUo^ang  simple  but  efficient  proceeding  may  be  adopted 

Ind^IeTd'^r'°*^*•r  ^^^^^^'^^^^B-  sugar  i^  coldTter 

mter,  and  then  dry  the  residue  in  the  water-batli,  and  wei<^h  •  the  water 

.  tity'fit  'obt^rf  "t.^  'Tf  ""P^^'  ^^^^'-t^d  from'  the  qifan" 
nercen  fop  nf  w  clifierence  will  represent  approximately  the 

Cent  nn.^  t;?^''''!^^  a  deduction  of  about  7  per  cent,  of  the  cocoa 

.  present  mus.  be  made  for  the  extraction  of  other  soluble  matters  from 
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the  cocoa  itself,  as  gum,  &c.  The  method  of.  dete"nmm^^^^^^^^  sugar 
bv  conversion  nto  alcohol  and  carhomc  acid  is  not  apphcable  to  the 
cocoa  mixture,  because  of  the  starch  present;  but  the  sugar  mav  be 
drolvS  ^t  by  means  of  water  converted  into  glucose,  by  boihng 
thh  dSite  sulpLu-ic  acid,  and  then  estimated  the  copper  solution 
in  the  manner  fully  described  under  the  head  of  Su?ar 

On  the  detection  of  foreign  fat  m  cocoa.— The  best  and  smipxest 
-method  of  prfceedingls  to  t4W  50  to  60  grammes  oi  cocoa,  dry 

Hg.  69. 


SO-CALLED  Gento-e  TJxadultebated  Chocolate. 

arrouroot. 

.  l.ntb  and  remove  the  fat  by  means  of  ether ;  evaporate 

in  the  water-batn,  ana  lemuvo  t  j  obtained  in  a  pure  state ; 

the  ethereal  solution,  ^vhen  '^'f^T'^X^''^^^^^  described  in  the 
determine  the  nif  ting  pouit  of  th^^^^ 

article  on  the  ^-i^^^tera  '^^^^^^^  ^J;,  S5°C., 
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01  cocoa_  -witli  animal  fats.  Furthermore,  if  the  fat  thus  separated 
have  a  high  melting  point,  it  will,  unlike  cocoa  butter,  become  rancid 
and  tallowy  in  the  course  of  a  few  days. 

On  the  detection  of  mineral  substances. — Of  the  mineral  sub- 
stances employed  in  the  adulteration  of  cocoa,  some  are  used,  as 
abe:idy  pointed  out,  for  the  sake  of  then-  weight ;  of  these  the  chief 
are  carbonate  of  lime  or  chalk,  and  hydrated  mlphate  of  lime,  especially 
the  former. 

Other  substances  are  employed  for  the  colour  they  impart,  and 
these  are  frequently  had  recourse  to  ;  the  principal  are  red  ii'on  earths, 
as  red  ochre,  Venetian  red,  and  umber. 

For  the  detection  of  these  substances  10  grammes  of  the  cocoa 
should  be  incinerated,  and  the  ash  weighed  and  ana,lysed. 

For  the  detection  of  carbonate  of  lime  and  sulphate  of  lime  we  must 
proceed  as  described  in  the  article  on  '  Tea.' 

The  ash  of  genuine  cocoa  is  pate  grey:  but  if  any  of  the  red  iron 
earths  be  present,  itwiU  be  more  or  less  colom-ed  with  the  red  oxide  of 
iron ;  and  in  order  to  determine  the  quantity  of  this,  the  process  de- 
scribed in  the  articles  on  '  Tea '  and  '  Chicory '  must  be  followed. 

Red  ochre  consists  of  sesquioxide  of -iron  with  silica,  and  sometimes 
alumina,  clay,  or  even  chalk;  and  Venetian  red,  when  genuine, 
ot  the  same  oxide ;  it  is  obtained  by  calcining  copperas  or  sulphate 
ot  iron,  but  it  is  often  adulterated,  especially  with  chalk. 
_  It  should  be  known  that  the  colour  of  the  ash  obtained  by  the 
incineration  of  preparations  of  cocoa,  adulterated  with  red  ochre,  is 
subject  to  considerable  variation,  dependent  on  the  manner  in  which 
the  incineration  has  been  conducted  ;  whether  in  an  open  or  covered 
crucible,  and  according  to  the  degree  to  which  the  ash  has  been  heated 
and  the  length  of  time  it  has  been  subjected  to  the  heat.  Thus  the 
ash  ot  cocoa  so  adulterated  may  be  made  to  assume  different  colours, 
varying  from  dark  brown,  light  brown,  fawn,  yellow,  ferruginous  yeUow 
up  to  rust-red,  according  to  the  method  of  iiiciaeration. 

In  some  of  the  samples  in  which  clay  and  siUjihate  of  lime  have 
been  detected,  these  substances  were  not  used  for  the  salve  of  addin'' 
bulk  or  weight  to  the  cocoa,  the  quantity  present  being  too  small :  but 
they  no  doubt  entered  into  the  composition  of  the  earthy  colomiuo- 
matters  employed.  ° 
Aliunina,  if  present,  may  be  estimated  from  the  soda  or  potash 
solution  used  to  separate  the  alumiua  from  the  iron  in  the  nianner 
directed  lor  the  determination  of  alum  in  'Bread.' 

The  follow-ing  question,  addressed  to  Mr.  George  Phillips  by  a 
member  of  the  Parliamentary  Committee  on  Adulteration  in  1855, 
with  the  reply  thereto,^  will  show  how  admirably  the  Revenue  was 
protected  some  yeara  since,  by  the  Excise  against  loss  from  the  adul- 
teration of  cocoa : — 

Mr.  Kinnaird :  '  Have  jon  examined  any  cocoas  ?' 

Keply:    Though  that  is  under  us,  we  have  not  much  to  do  with 


218 


COCOA  AND  ITS  ADULTERATIONS. 


it  and  tlieu  follows  a  statement  of  tlie  inability  of  tlie  Excise  to 
detect  Venetian  red.  or  any  other  feiTuginoiis  earth,  although  this  is 
one  of  the  commonest  of  the  adulterations  to  which  cocoa  is  liable. 

To  show  to  some  extent  the  great  evil  of  the  sale  of  mixed  articles, 
such  as  cocoa,  unaccompanied  by  any  specification,  either  that  they 
are  mixed  articles,  or  as  to  the  proportions  of  the  ingi-edients  eutermg 
into  the  composition  of  the  mixtm-e,  the  evidence  of  Mr.  S.  CadlnuT, 
the  cocoa  manufacturer,  as  given  before  the  Parliamentary  Committee 
of  1874  on  the  subject  of  the  adidteration  of  food,  may  now  be  quoted  : 
— Q.  Does  the  bulk  of  the  manufactured  cocoa,  as  supplied  to  the 
British  public,  contain  less  than  one-fom-th  of  the  bean      A.  So  we 
believe  by  what  is  tested.— Q.  What  are  the  remaining  three-fourths 
composed  of?    A.  Of  starch  and  suarar.— Q.  Does  starch  render  the 
compound  thick,  heavy,  and  indigestible?    A.  Yes,  so  medical  men 
assert,  and  so  we  believe.— Q.  Is  the  chocolate  manufactm-ed  m  trance 
superior  to  that  mnds  in  this  countiy  as  a  rule  ?  A.  It  is,  for  this  reason 
—that  in  France  the  percentage  of  starch  added  has  to  be  stated  on  tne 
packaoe  or  on  the  cake.    In  this  country  there  is  no  such  la^^-— Q- 
Would  you  have  a  similar  label  applied  to  the  articles  in  England.-' 
A  We  "believe  that  it  would  ultimately  be  to  the  ad^^antage  of  the 
trade,  and  would  be  to  the  advantage  of  the  public— Q.  But  you 
think  that  simply  saving,  '  This  is  a  compound  mixture  ot  cocoa  and 
other  incrredients' is  not  sufficient  without  stating  some  percentage^ 
A  It  is  not  sufficiently  definite.  Some  makers  might  have  only  a  tenth 
part  of  cocoa  in  the  mixture  sold  as  cocoa.    Others  might  have  50  per 
cent,  as  the  law  now  stands.— Q,.  You  would  suggest  that  nothing 
should  be  sold  as  cocoa  except  the  cocoa  bean  or  preparations  made 
without  any  admixture  ?    A.  We  beUeve  that  it  would  be  to  the 
benefit  of  the  public  and  of  the  manufacturer  also.-Q.  And  the  mixed 
article  you  would  call  chocolate?    A.  7^s  -Q.  Would  you  appre- 
hend that  the  cheap  starches  were  more  indigestible  than  the  better 
sorts?    A.  We  believe  that  all  starch  is  indigestible  without  being 
boiled  ;  either  eaten  in  the  form  of  chocolate,  where  starch  is  added,  it 
is  indigestible,  or  taken  in  solution  as  soluble  cocoa,  which  can  be 
prepared  without  being  boiled,  it  is  also  indigestible  -Q.  Could  you 
say  why  starch  is  not  nutritious  and  beneficial  to  the  system  .  A. 
Because  starch  contains  no  nitrogenous  principle  which  is  the  valuable 
part  of  cocoa,  and  consequently  it  is  not  so  valuable  as  an  article  ol 
nutrition  -q!  If  the  starch  were  left  out  altogether,  could  the  cocoa 
be  manufactured?    A.  W^e  believe  that  it  would  be  a  much  better 
and  more  wholesome  article  without  it.-Q.  We  have  had  a  good 
deal  of  evidence  about  cocoa.    Do  you  yom-se  f  see  any  diftcultv^  m 
the  manufacture  of  pure  cocoa?    A.  None  at  all. -Q.  Can  it  be  used 
free  fi-om  anv  admixtiu-e  ?    A.  It  can,  and  it  is  used  very  lai;gely.- 
O  If  we  ha^-e  had  information  from  other  houses  that  it  was  imprac- 
ticable and  could  not  be  used,  that  would  be  incorrect  ?    A.  Incorrect 
entirely  -Q  And  you  think,  do  you,  that  the  starch  has  no  particular 
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effect  upon  it  as  an  article  of  diet?  A.  We  believe  it  has  an  inju- 
rious effect.  It  causes  the  prepared  cocoas  to  which  the  starch  is 
added  often  to  disagree  with  thousands  of  jieople. — Q.  What  is  your 
experience  that  it  is  wholesome  or  unwholesome  ?  A.  We  believe  it 
is  not  wholesome  unless  it  is  boiled,  and  very  much  of  the  cocoa  that 
is  used  is  not  boiled;  it  simply  has  boiling-  watei-  pom-ed  upon  it. — Q. 
But  boiling  water  poured  upou  tlie  mixture  of  starch  would  have  the 
same  effect  upon  it,  would  it  not  ?  A.  It  does  not  break  the  globules 
of  starch  by  simply  pouring  boiling  water  upon  it.  It  has  to  be  boiled 
to  break  the  globules.— Q.  Do  you  state  that  of  your  knowledge  P  A. 
I  take  that  from  an  eminent  chemist  whose  advice  we  took  upon  the 
question. 

Another  witness,  Mr.  Bartlett,  the  analytical  chemist,  was  asked, 
'  A\  hat  is  yoiu-  opinion  of  cocoa  ?  '  and  he  replied, '  From  my  inquiries 
and  from  my  analyses  I  am  strongly  of  opinion  that  any  addition  to 
cocoa  isadetriment  and  is  an  adulteration;  that  the  mixed  article  is 
greatly  injm-ed  as  an  article  of  nutriment,  and  that  it  is  also  injured  as 
a  matter  of  taste.'  Q.  Do  you  think  that  starch  is  indigestible  imless 
It  IS  boiled  ?    A.  Undoubtedly,  highly  indigestible,  imless  it  is  boiled. 

Another  chemical  witness,  Mr.  Wanklyn,  gives  the  foUowino-  e\-i- 
dence.  He  is  asked,  '  Take  cocoa  ;  what  'is  vour  opinion  about  that 
being  mixed  ?  '  '  Cocoa  in  an  unprepared  state  would  not  be  a  saleable 
article  m  this  country.  It  requires  to  be  altered  or  to  be  mixed  in  order 
to  make  it  saleable.'  How  is  this  reply  to  be  reconciled  with  the  fact 
that  a  very  lar<>o  proportion  of  the  cocoa  now  made  and  sold  is  un- 
mixed and  genuine  ?  Let  the  reader  furnish  the  answer.  Q.  Is  it  your 
opinion  that  the  starch  which  is  mixed  with  cocoa  is  indio'estible 
unless  it  is  boiled  ?  A.  No,  I  do  not  think  so.— Q,  You  think  that 
simply  pouring  water  upon  it  is  sufficient  to  make  the  starch  leadily 
digested  ?    A,  It  is  suffipient,  I  think. 
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CHAPTER  Vin. 
SUGAR  AND  ITS  ADULTERATIONS. 

DEH'INITtON  OF  ADULTERATION. 

Any  added  substance,  either  vegetable  or  mineral. 

In  tlie  present  article  we  have  to  treat  principally  of  Cane  Sugar , 
as  derived  from  tlie  sugar-cane  and  some  other  plants  and  trees,  since 
it  is  the  kind  of  sugar  chiefly  employed  for  domestic  purposes.  _  It  is 
necessary,  however,  that  we  should  also  describe  another  variety— 
namely,  Glucose,  which  occuts  mixed  up  more  or  less  with  cane  sugar, 
and  since  the  latter  is  easily  and  by  natural  causes  converted  into 
the  former. 

The  various  kinds  and  modifications  of  sugar  are,  chemically,  di- 
visible into  fermentable  or  true  sugars,  and  into  nonfennentaUe  sugars, 
sometimes  termed  saccharoids.  The  first  description  is  further  dmsible 
into  two  groups,  to  the  first  of  which  belong  dextrose,  IcBculose,  and 
galactose,  all  having  the  formula  CsH.Pe ;  to  the  second,  sflccAarose  or 
cane  sugar,  lactose  or  viilk  sugar,  and  some  other  varieties  which  it  is 
unnecessary  for  us  to  notice,  and  having  the  formula  0i2H2,0ji. 

The  nonfermentable  sugars  include,  amongst  several  others,  sorfrj^e, 
inosite,  and  mannite. 

Dextrose  or  dextroglucose,  C6H,„08.  Ordinary  glucose,  grape,  trait, 
honev,  starch,  and  diabetic  sugars,  aU  contain  this  description  of  sugar. 
It  occurs  abimdantly  in  fruits,  often  together  With  cane  sugar,  and 
nearly  always  with  Itevuloae.  It  separates  from  its  aqueous  solution 
in  white  opaque  granular  hemispherical  masses,  having  two  molecules  ot 
water  of  crystallization.  But  from  alcohol  of  90  per  cent,  it  crystal- 
lizes in  anhydrous  microscopic  needle-lilie  crystals.  It  is  much  less 
soluble  in  cold  water  than  cane  sugar.  In  boiling  water  it  dissolves 
■  in  aU  proportions,  forming  a  syrup  which  has  a  very  sweet  taste.  It 
is  also  less  soluble  than  cane  sugar  in  alcohol.  According  to  1  rout 
2-5  parts  of  glucose  sweeten  as  much  as  1  part  of  cane  sugar.  It  turns 
the  plane  of  polarization  to  the  right,  and  hence  its  name. 

i^yii/ose  or  leevoglucose,  CeHj^Oe,  is  distinguished  from  the  pre- 
vious Icind  of  sugar  bv  its  turning  the  plane  of  polarization  to  the  lett. 
The  mixture  of  l^vulose  and  dextrose  in  equal  atomic  proportions  con- 
stitutes inverted  sugar ;  it  is  made  by  the  action  of  aculs  on  cane 
sugar,  and  is  tevo-rotatory  at  ordinary  temperatures,  because  the 
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i-otetoiT  power  of  IjeviUose  is  greater  than  that  of  the  dextrose  hut 
at  higher  temperatm;es  it  becomes  dextro-rotatory.  L^vulose  is  a 
colourless,  uncrystallizahle  sji-up-like  substance ;  it  is  as  sweet  as  cane 

dSse        '  ""'^     "^"^^  ^^^^^^^^  alcohoTS 

Mixtures  of  dextrose  and  lasvulose  in  unequal  quantities  exhibit 

according  to_  the  proportions  in  which  thev  are  mixed,  dextS  ox  W 

rotation,  as  is  seen  m  the  case  of  honey  and  fruits 

G'^fac^ose  IS  obtained  by  the  action  of  dilute  sulphuric  acid  uiion 

milk  sugar ;  it  stands,  therefore,  to  the  latter  in  the  same  lelation  as 

does  invert  sugar  to  cane  sug-ar.  leiation  as 

We  now  come  to  the  second  class  of  fermentable  suo-ars  includino- 
especially  saccharose  or  cane  sugar,  and  lactose  or  milk  suc^ar  Thf 
latter  wiU  be  treated  of  under  tlie  head  of  '  Milk  '  ^ 

.1-  f-T!^TX  '''^T^  «wy«''--This  description  of  sug-ar  is  very  widelv 
distributed  throughout  the  vegetable  kingdom,  espl^cially Tertain 
herbs  belonging  to  the  natural  family  Grm^inacL  or  the  gSs  es  S 

?OnerTnf.?hVrr'''vt-^^^^ 

cent,  ofthe juice, togetherwithaboutthesn:.neamZt^^^ 
cane  sugar  is  abundant  in  certain  roots  belono-iuo-  to  the  natnvnl  -r 
LmheUiferce,  as  those  of  the  carrot,  parsnip  bi^?  nartirilitT  /  p 
ru^lfjaris,  which  contains  from  7  to  11,  anc^'even  C a  cent^  S  '  t''^ 
likewise  m  the  stems  of  certain  species  of  birrJ^  Jt.,  ! 
the  sru,a,-^nnple,  Acer  saccharmrJX.h  J^^^^^^^ 
parts  of  North  America,  including  New  YoTirpi?^^^^ 
of  several  Idnds  of  including  l^^,,^^^^^^^^^ 

Ru,rn^hn,^m\BorassusJlabdlifor^^^^^  or  the  pfwatr^^^ 
or  the  kitul  tree  of  Ceylon,  which  furnishes  thfsuS^  ^fV  f  -  "^''"^ 
and  the  Cocos  nucifera  or  cocoa-nut  tree  ^  styled 

In  most  fruits  saccharose  occurs  tog-ether  with  invprfo^  i 
certain  nuts,  as  the  walnut,  hazelnut  and  almmfrtl  1.  f  •  ^""S^"^'^^^^ 
unmixed  with  inverted  8u<^ar    Sil         •      '  ^"t^^^  ^ane  sugar 

Lastly,,„..„«,S;eKm  SZ^J^^e:^1S.^'^T'- 
60  percent,  of  cane  sugar,26  of  inverted  s^a"  &S  "fti^^^^^^  " 

PKEPAEATIOJT  OP  SUGAR. 

t thus  obtained  is  heated  in  copper  boilers  to  flL,f  fin-^'n  ^  J*"'^^ 
cquantity  of  lime  bein»  added     ¥\L  ^pout  60  C,  a  small 

nle  removed  aTth7y  cote     The  fuic^^^^^ 

ttrated  to  about  2^Tthe  hydLm£  is  filt'^'!^^^ 

ffurther  evaporated  to  a  thick^Xln  Ui'-S        -^^^  """^ 

ccoolers,  aftL  which  it  is  V^TSC:^^ ^^^^^^^^^^^^ 
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wMcli  are  stopped  with  plugs.  After  a  time  the  syrap  is  stirred, 
whSeby  the  crystallization  ot  the  sugar  is  promoted,  aud     soon  a.  it 

become  solidified  the  plugB  are  remoyed.  The  imcrystallized  liquid, 
Btm  SraiiSrsome  cane  sugar,  with  othei-  matters,  gradua  ly  ^ows 
a?ay  and  thfs,  a^er  a  further  boiling,  is  eyaporated  in  oixler  to  obtein 
3k  crop  of  crystab-an  operation  which  is  sometimes  repeated. 
The  final  refuse  constitutes  ?«o/«ssfiS.  ^ 

The  product  thus  obtained  is  caUed  or  m^co.aj  sugar  and 
still  conS  certain  impmities  for  the  removal  of  which  the  process  of 

'-^'S^t^r^:^  of  clayin,  was  en^loyed  for  the  re- 
iBoyil  of  h'e  molasses  from  the  sugar  ioayes,  and  which  is  thus  pei- 
forined --When  the  syrup  in  the  cones  is  properly  granulated,  wh  ch 
tormeu.  >>u«  tn'^O  hom-s  the  plugs  are  temoyed,  and  each  is 
Sel      aX-tlen  Jotio  le'efce  the'dSinings.  .  After  24  houi.  the 

IZSloZ  aToK  orclaToitnleiousloam.  The  water  escapes 
from  i^  by  slow  filtration,  and  descending  through  the  body  of  the 
i  Zv  oaniralono-  with  t  the  molasses  which  still  remain  This 
sugai  cariies  aiou„  v  vonewal  of  the  clay  a  second,  and  eyen 

operation  is  repeated>  l^^''^^^^^^^^.  ^^^J,,  and  clean. 

iLts?  coSkins  but  little  c.»  .u^r,  but  a  ve^ 
,4;t{uuc2jalll»^^^^^^ 

tration  ot  tlie  juice,    "'"y^         .   .       ,  ^^^^  obiect  of  the 

crystallized  c-e  su^^r  x^^^^^^^^^^  J,,  ow 

manufactm-er  to  confane  tt^e  com  ^^^^  ^^^.^^^  ^^^h 

Lgar  4-as  the  ^^^^^^^^^  the  juice  being  sepa- 

From  ^^^^-'•''''^•-Ji'X  Jie  additio^  of  20  per  cent,  by  weight  of 
rated  either  by^pr^^^^^^^  J^l^,  by  the  rotatory 

water,  or  by  j^^  machine,  the  cylinders  containing  the  juice  being 
Er^fpSf'f  A"r^lTi;ao^  ,u„U  oftUe  iuice,  to 
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neuti-alize  and  remove  the  various  acids  present.  The  mixture  is  now 
Heated  to  the  boilinp-  point,  when  Vcarious  impurities  collect  on  the 
siu-lace  and  are  separated,  as  albumen,  phosphate  of  lime,  &c.  The 
heating-  is  known  to  be  completed  as  soon  as  boilino-  juice  below  shows 
Itself  through  the  crust.  The  juice  is  now  i-un  off,  a  further  quantity 
being  obtained  bv  subjecting  the  residue  containing  the  impunities  to 
pressiire  Thi-ough  the  thin  syi-up  thus  obtained  carbonic  acid  is  passed 
to  get  rid  of  the  hme,  but  a  small  portion  stiU  remains  in  combination 
with  sugar.    The  carbonate  of  lime  is  separated  by  subsidence  and 

tf  ^fT'  fil  "'7  ^^^^''^  ^^0*^  ^^S^'  concentrated, 

and  fiuaUv  filtered  through  animal  charcoal  or  boSe-black,  which 
removes  coloimng  matter  and  also  a  further  portion  of  the  suo-ar-linie 
and  IS  then  evaporated  in  open  pans.  The  Svrup,  which  has  now 
acquired  greater  donsisteUcy,  is  again  filtered  throu-h  bone-black,  and 
IS  evaporated  vacuo  v.t  a,  barometrical  pressure  of  about  92''  till 
It  becomes  thick  enough  to  draw  out  into  gi-anular  threads,  when  after 
coohng  and  standing  it  yields  crystals  of  cane  su-ar.  The  mother 
liquor,  when  fm-ther  evaporated,  Adelds  second  and"  even  third  crops 
of  ciwstals  ■  finally,  nothing  remains  but  molasses,  as  in  the  case  of 
the  sugar  from  the  sugar-cane.  The  mixtm-e  of  the  successive  crops 
of  crystals  constitutes  raw  beet  sugar.  v   ux  opb 

From  the  suc/ar  maple trees  are  tapped  usually  on  the 
outh  face  m  the  early  sjiring  obliquely  from  18  to  20  inches  above 
the  gi'ound,  the  holes  being  from  4  to  5  inches  apart:  they  are 
made  to  a  _  depth  of  half  an  inch  into  the  alburnum^r  ^h  te  Wk 
The  jmce  is  coUec  ed  m  troughs  placed  beneath,  being  conveved  to 
thein  by  means  of  elder  or  simiach  tubes  which  are  inserted  into  the 
J^^^^T?  boiled  immediately  after  collection  in  order  to 
anticipate  fermentation  It  s  inspissated  to  the  consistence  of  a  syip 
IS  then  slramed  through  a  sieve  filter  of  woollen  cloth,  left  to  stand 
for  ome  hom-s,  is  clarified  with  white  of  egg,  boiled,  the  scum  wSch 
forms  on  the  surface  removed,  and  the  s>Tup%vaporated  till  it  irsuf- 
ficiently  concentrated  to  cr^-stallize.    This  point  is  ascertained  in  the 

and  forefinger,  and  drawing  it  out  into  a  thread,  which  should  exhibit 
a  granular  aspect.    It  is  then  received  into  Moulds,  and  after  the 

hitIi«.'M''rn?'.^'^-^^"'ir"^'''"  ^«^«^°^--TIie  several  lands  of  suo-ar 
hitheito  noticed  are  all  cane  sugars,  and  their  m-eparation  consFsts 

tTS^rctton'of'rf  °°       P""«-t-°'       tte/is  no  instances 
tue  extraction  of  a  sugar  from  any  vegetable  iuice  on  a  We  and 
^  commercial  scale  belonging  to  the  glucoses;  formerly\owevS  tlSs 
latter  descnption  of  sugar  was  prepared  in  enormous  qJantSrchie% 
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from  tlie  potato,  and  was  used  eitlier  as  a  suljstitute  for  or  an  adul- 
terant of,  cane  sugar,  at  tbe  time  when  the  latter  was  much  more  costly 

^^^ThVfollowincr  i«  an  outline  of  the  process  of  maldng  sugar  from 
potato  starch  :-100  gallons  of  boiling  water,  ai^  ?^^^«;J,I^^;.";^J^^^ 
of  the  fecula  and  2  lbs.  of  sti-onQ-  sulphunc  acid  The  mixlure  is 
boiled  foi  about  twelve  hours.  When  all  the  starch  is  conveitol  into 
s^Zr,  he  sulphuric  acid  is  neutralized  with  challr^the  liquid  filtered 
and  evaporated  to  the  density  of  about  1-300  at  the  boiling  tempei-ature 
equal  Xn  cooled  to  15-5°  C.  to  1-342.  When  the  sjTup  is  lelt  at  rest 
fS  some  davs  it  concretes  in  crystalline  tufts,  and  forms  an  apparently 

drv  solid  of' a  specific  gravity  1-39  to  1-40.  . 
^'^Sll  suga'r  may  be  distinguished  from  pure  c^ne  sn^^^ 

foUowino-  manner -.-Glucose  sugars  fuse  at  105  C.,  wheieas  cane 
su^arSelts  only  when  heated  to  137°  C,  and  at  this  temperature  it 
SedTately  becomes  converted  into  caramel,  whei-eas  glucose  is  un- 

as  already  noted,  from  1-39  to 
140  wh  £  that  o'fSne'^and  beet  suga^  is  1-GOG  At  1-343  the  syrup 
Jf  can! sugar  contains  70  per  cent,  of  -^fyj^^l^^-^:^' O  "aSS 
of  starch  suo-ar  75-5  per  cent,  when  dned  at  12b  b  V..,  ana  ireea 
I  Tin  cent -of  water,  which  it  retains  in  the  granular  state,  thus 
aSdKnother  disTfucVon  between.the  t^o  sugurs.but  the  best  test 
of  all  is'furnished  by  the  copper  solution. 

THE  KEFIOTKG  OF  StTGAB.. 

But  bv  the  various  processes  above  described  we  l^ave  merely 
obtained  -the  cane  sugar  in  its  raw  or  ^m^-«fi"«d  condition    T\  e  will 

t  ;i!«Pvibe  verv  briefly  the  processes  whereby  it  is  refine^. 

T^ob  a-n  pS  and  colourless  crystals  the  raw  sugaa-      drsso W 

io  -Ji^^^^^  V   ,  .  ,    ^     ^        jj^ixed  with  a  little  milk 

in  about  one-thiTd  ot  Its  ^^i^'^^  impui-ities  which  separate 

of  lime,  ^eated^o/^;^^^^^^^^^  cotton-clott  and 

as  a  ^^^^^^^^^^^^^^  the  beds  of  which 

afterwards,  to  ^^^^J^^.^'J^^^'^^'^^p^^^^  ti,ick,  and  evapoi-ated  in  the  vacuum 
,,e  sometimg  no  le^^^^^^^^^  St-s  l^as  the 'colour  of  dark  shei.v, 

C"  as  Si  S  from  the  charcoal  filters  it  is  perfectly  clear  and 

'^''^The  heat  is  now  moderated,  and  to  the  highlv  concentrated  synip 
^Jl  nuantities^  unthiclcenk  juice  &re  added,,upon  which  sugar 
small  q^iantities  01  V  ^  i^qmsite  hardness  to  the 

"^t  :SrifapK  and  the  cr'vstalline  miss  put  into  the  siigar 
crystals  heat  ^^PP^^^^  j  of  ,„,all  crv'stals  of  umform 

jnoulds  and  l^t  2^  bv  stirring  and  breaking  up  the  crustwhich  forms 
rtJe  Sro?^e  moulds.  °  As  soon  as  i^e  crystalHzaUon  is  com- 
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p  ete  the  apex  of  the  mould  is  opeued  to  allow  the  syrup  to  drain  off  • 
the  last  portion  of  this,  which  still  remains  adherin-  to  the  crystals  is 
removed  by  pounno-  in  some  pm-e  syrup,  the  drainage  being  some- 
times hastened  by  the  production  of  a  vacuum  ^ 
compteteS  tlie  formation  of  loaf  or  refined  sugar  is 

Formerly  the  serum  of  bullocks'  blood  was  employed  in  the  purifi- 

Crushed  suffar.-The  process,  for  the  manufacture  of  what  is  known 
by  the  name  of  crushed  sugar  resembles  that  for  loaf  sugar,  but  the  iw 
sugar  employed  is  usually  of  an  inferior  quality.  The  m  ration  is  llZ 
perfect  and  the  pi^cess  of  liquoi-ing  is  dispensed  with  whefe  prTticabl^^^ 
The  first  crystaUization  yields  crushed%ar,  the  second  J 
the  drainage  from  which  is  Iniown  as  s^n^.  This,  when  difuted 
fiUered  through  animal  charcoal  and  co4eLated,  is  calledllo/S 

.¥oW— ^folasses  is  largely  imported  into  this  coimtrv  and 
since  It  contains  much  crystallizable  sugar,  it  is  Zcha^d  by  re^ 

tTsimtir'Sl. '°  ""'f  *-^*--t%/ niolassrfaS^'lvV: 
very  simple.  It  was  merely  concentrated  and  allowed  to  stand  in  laro^ 
moulds  for  several  weeks  to  drain.  The  drainages  weil  ^s  treade 
and  the  unpure,  soft,  and  dark  sugar  formed  what  is  £lTbllZds' 
which  IS  chiefly  sold  amongst  the  poorer  classes.  The  more  recSt  and 
improved  plan  is,  after  the  dilution  of  the  molasses  to  filtpftf  ? 
aninial  chai.oal  concentrate  to  the  crystrirnndnt  an^tiSsfe 
to  the  moulds.    In  this  manner  a  brio-ht  yellow  p,^  a   ^^™f  ?^ 

quality  of  snnip  are  obtained,  in  place  S  E  ahd  triV  -G^od 
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hemlS^^ftf  (fii'  60?  '^Thf  "^Tf  "^^i  ^''T'  --l^I -th 

The  crystals  have  a  specific  gravity  of  1-606 
more  "S^Tn  iVtt '°  SS\f  j"  »™ 
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the  alcoliol  contain  water,  it  dissolves  it  much  more  freely.  Its  aqueous 
solution  tui'ua  the  plane  of  polarisation  to  the  light. 

It  melts  at  160^0.  to  a  clear  liquid,  which  solidifies  into  an  amor- 
phous mass,  of  which  we  have  an  exemplification  in  some  forms  of 


licr.  60. 


Crystals  of  Cane  Stjgab.  100  diameters. 

barleysugar,  acidiUated  drops,  &c.,  which,  ^^o^^ver,  after  a  while 
revert  to  the  crystalline  state.  The  confectioners  ^^.^^^y  add  a^^^^^^^ 
quantity  of  cream  of  tartar  to  the  melted  sugar,  m  order  to  destroj  the 

^^^^So^^"!^^^^^^  the  specific  gravities  of  aqueous  solu- 
tions  of  sugar,  is  abbreviated  from  the  Ballmg  and  Bi-ui  :— 
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Table  of  the  Specific  Gravity  of  Solutions  of  Cane  Sugar 


Percentage  of  Sugar.   Specific  Gravity 


1 

2 

3 
4 
6 
6 

/ 

8 
9 
10 

15 


1-OOiJ.T 

1-0070 
l-OJCi 
1-0143 
1-0179 
1-0215 
1-0254 
1  •0-291 
1-0328 
1-0367 
1-0600 


Percentage  of  Sugar. 
20 
25 
30 
35 
40 
45 
60 
55 
60 
65 
70 


Specific  Gravity. 
1-0830 
1-1056 
1-1293 
1-1538 
1-1781 
1-2043 
1-2322 
1-2602 
1-2882 
1-3160 
1-3430 


I)ecoyositwm.-When  heated  a  little  above  160° C.  cane  sue-ar  k 

Sole"3eS- water  A'^^V  ^^^^^  I'^viilose  minus 

onemoiecme  ot  water    At  a  higher  temperature  water  is  o-iven  off  the 
dextrose  being  probably  converted  into  glucosan,  which  stands  k  the 
same  relation  to  dextrose  as  h^viUosan  to  l^vulose.    At  about  2  0°  C 
a  ftu-ther  quantity  of  water  is  given  off,  and  caramel  remains     At  a 
still  higher  temperature  the  sugars  ar^  broken  up  ;  mXS  otfde 
carbureted  hydropm,  and  carhcmic  anhydride,  certai^  hZoToL  ^ 

^^.J^^^S^Z.  ^  q-tity  of  and  a  bitter 

A  few  words  may  now  be  bestowed  on  some  of  the  more  imnoi-tPTit 
of  the  above  substances.    Thus  caramel,  when  pure  is  without  toft^ 

ana^:S;SSf^,?btti?S^^  "'^ll^  ^'^1^^'^' 

has  a  specific  ^^ToiSnltt^^^     bums  with  a  white  flame,  and 

in  water,  alcoLl^and  ether  a^d  is  ?\nl     f  i''^^' ^o^tion^ 

mable,  burning  4ith  a  blue  flame     t7  ;  ^       }^  ^^'"^ 

weigh'ts  of  alcohol^pedfic  ^?5tv  O-S^^^^^^^^  ^1"*^^ 
with  1-.3  nart  of       nf  ri^  -i^^^'  ^"^^  biclu'omate  of  potash, 

pait  of  oil  of  vitnol.    Carbonic  acid  is  evolved,  and  aide- 
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hvde  coUects  in  the  receiver.  Thus  oUained  it  is  not,  however,  pure. 
K  xnustTe  subjected  to  a  process  of  purification  by  means  of  ether 

^""""Fui^^^rcSk  is  a  colourless  oil,  with  a  strong  smell  of 
cinni^^{n  and  HttV'abnonds.    It  has  a  specific  gravity  of  M  648, 
and  bSls  ari63°  0.   It  is  obtained  by  acting  upon  sugar,  starch  bran 
orLwdusCeither  by  sulphui-ic  acid  alone,  or  with  sulphunc  acid  and 

'"^^jlrrS^ribed  by  some  as  a  yellow  transparent  soM,  by 
otheTs  as  a  reddish-yellow  syi-upy  liquid.  It  is  extremely  soluble  m 
It^i-  and  aSracts  listure  SoJn^h^  air.    It  is  neutral  to  test-paper, 

^'^^^Z:^nZ^£^o.s  of  cane  sugar.  When  boUed 
for  a  lono  time  with  water,  it  takes  up  one  molecule  of  water  and 
tTelcb  inverted  svJir,  which  is  a  mixture  in  equal  atoms  o/  dextrose 
lud  L^^^^^^^^^  This'decomposition  is  very  much  accelerated  by  dilute 
fl  Ads  but  small  quantities  of  caramel  are  always  formed. 

Oil  of  vS'ol  chars  cane  sugar,  even  at  ordinary  ^nipera  ures  and 
thus  it  may  be  distinguished  from  the  glucoses  which  are  not  so 

^^^^^^^  oxides^o^  ^K'srt^r^ 

Witfvryton^^^^^^^^^^^^  ..•..o-W.«ro.,a  body  resem- 

bling gun-cotton  in  «o|^P°f;°°;.,  ^..^^g  assume  a  brown  colom- when 

ethylene,  propylene,  and  f^''^^^^^^  4,,  tatee  of  yeast 

Cane  susar  does        J'™. ^'^f^J^^Sd  into  a  miriure  of  dej- 

in<rtov.nula:-0.H„O.-200,  +  20,H,0. 
'O!  an  *e  -ietie,  of  su^.  n^d^ta^^^^^^^^^ 

now  proceed  to  notice. 
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COMPOSITIOIf  OP  THE  StTGAE-CANE. 

There  are  several  varieties  of  the  sugar-cane.  The  common  variety, 
or  Creole  cane,  grows  between  the  Tropics,  in  every  region,  on  a  moist, 
light,  rich,  and  well-manm-ed  soil.  The  Otaheitan  variety  is  the 
quickest  in  growth  and  most  productive  in  sugar,  it  yielding  foiu*  crops 
in  the  same  time  that  the  Creole  cane  fm-nishes  only  three. 

In  some  tropical  regions  the  yovmg  shoots  of  the  sugar-cane 
and  the  juice  form  an  important  and  nutritious  article  of  food. 
The  ripe  stalk  of  the  plant  is  chewed  and  sucked,  after  being  made 
soft  by  boring  it;  and  enormous  quantities  are  consumed  in  this 
way.  '  Large  shiploads,'  states  Johnston,  '  of  raw  sugar-cane  are  daily 
brought  to  the  mai-kets  of  Manilla  and  Rio  Janeii'o  ;  and  it  is  plentiful 
in  the  markets  of  New  Orleans.  In  the  Sandwich  and  many  other 
islands  of  the  Pacific  every  child  has  a  piece  of  sugar-cane  in  its  mouth ; 
while,  in  our  own  sugar  colonies,  the  negroes  become  fat  in  crop  time 
on  the  abundant  juice  of  the  ripening  cane.' 

The  nutritive  properties  of  the  raw  juice  of  the  sugar-cane  depend 
upon  the  circumstance  that  it  contains,  besides  sugar,  a  considerable 
proportion  of  gluten. 

According  to  Fownes,  the  juice  has  the  following  composition : — 
Cane  sugar,  a  notable  amount  of  grajje  sugai-  or  glucose,  gum  and  dex- 
trin, phosphates  of  lime  and  magnesia,  some  other  salt  of  the  same 
bases,  sulphates  and  chlorides,  jwtash  and  soda  ;  and,  lastly,  a  peculiar 
azotised  matter  forming  an  insoluble  compound  with  lime,  not  coao-u- 
lable  by  heat  or  acids,  and  readily  putrefiable.  Of  ordinary  vegetable 
albumen  there  are  but  indistinct  traces,  and  of  casein  or  legumin 
none. 

The  following  are  some  of  the  chief  analyses  of  the  sugdj--cane 
which  have  hitherto  been  published  : — 


Water 

Sugar 

Gum,  fat,  resin  and  al- 
buminous matters  . 
Woody  fibre 
Salts  .... 

Peligot  and 
Dupuy. 

Casaseca. 

Aveqiun. 

Eibbon 
Cane. 

Tahiti 
Cane. 

72-1 
18-0 

|9-9 

72-0 
17-8 

9-8) 
0-4 1 

77-0 
12-0 

11-0 

77-8 
16-2 

6-0 

69-5 
11-5 

19-0 

76-729 
13-392 

0-441 
9-071 
0-368 

76-080 
14-280 

0-415 
8-867 
0-368 

lOO-O 

100-0 

100-0 

100-0 

100-0 

100-000 

100-000 
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The  sugar-cane,  especially  the  \'iolet  variety,  is  coated  witb  a 
peciiliar  kind  of  wax,  termed  cerastne,  or  sugar-cane  wax. 

The  following  are  the  more  important  analyses  of  cane-juice : — 


Avequin. 

Pcligot. 

Flayge. 

Casaseca. 

Sugar   

Various  organic  matters 

Salts  

Water  

15-784 
0140 

0-236 

83-840 

20-90 
•023 

•017  1 

78^70 

20-8000 
0-8317 
SmaJl 
quantities 
78-3325 

20-94 
•012 

j  -014 

78-80 

100-000 

100-000 

99-9642 

100-000 

The  specific  gravity  of  the  juice  varies  no  less  than  from  1-046  to 
1-110,  hut  usually  from  1-070  to  1-090.  When  first  expressed  it  is 
opaque,  and  of  a  yellowish-green  colour.  After  boiling,  a  gi-eenish 
scum  rises  to  the  surface,  and  the  clear  liquor  is  of  a  yeliow  colour. 
This  scum,  according  to  Avequin,  consists  of  about  50  per  cent,  of 
wax,  10  per  cent,  of  gi-een  matter,  22-7  of  albimaen  and  woody  fibre, 
3-3  of  phosphate  of  lime,  and  14-0  of  silica.  Pure  juice  contains 
about  81  per  cent,  of  water,  18-20  of  sugar,  0-46  of  orgauic  matter, 
and  0-35  of  mineral  matter. 

The  following  table  of  analyses  showing  the  composition  of  certain 
rmv  suf/ars,  and  of  the  products  of  a  Greenock  sugar-house,  is  by  Dr. 
Wallace : — 


West 
India. 

Beet. 

a 

C3 
fi 

a 
B 

Pieces. 

ED 

ID  S 

e  p 

§  p. 

P- 
Ox 

10 
U 

1 
p 

Cane  sugar 
Fruit  sugar 

94-4 
2-2 

95-7 
0-3 

95-4 
1^8 

97-3 
0-0 

87-7 
6-0 

68-3 
15-0 

62-7 
8-0 

39-6 
33-0 

48-0 
18-0 

32-5 
37-2 

Extractive  and  colour- 

0-5 
0-8 

0-  6 

1-  0 

2-8 
2-5 

ing  matter  . 
Ash  . 

0-3 
0-2 

0-  4 

1-  6 

0-1 
0-2 

0-2 

1-2 
1-5 

1-5 
1-4 

3-5 
3-5 

Insoluble  matter 
Water 

0-1 
•2-8 

2-0 

1-7 
0-8 

2-0 

5-0 

14-0 

27-7 

22-7 

31-1 

23-4 

100-oj  100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 

100-0 
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Raw  Sugar. 

Refined  Sugar. 

Heflned  Sugar, 

Cane  sugar 

89-22 

99-899 

99-858 

Glucose  . 

3-69 

none 

none 

Water 

5-84: 

0-078 

0-128 

Suspended  matter  . 

0-12 

none 

none 

Mineral  matter 

1-13 

0-023  . 

0-014 

100-00 

■ 

100-000 

100-000 

The  average  composition  of  the  tuber  of  the  sugar-beet  is  as 
follows : — 

Suprar  10-5 

Gluten  3-0 

Woody  fibre,  &c.  .  .  .  5-0 
Water  81-5 

But,  of  course,  the  proportion  of  sugar  varies  considerably  in  different 
cases.  The  average  quantity  actually  extracted  from  beet  is  stated 
to  be  about  6  per  cent. 

According  to  Stenhouse,  the  ash  of  the  sugar-cane  has  the  com- 
position given  below : — 


Silica 

Piiosphoric  acid 
Sulphuric  acid 
Lime 
Magnesia 
Potash 
Soda 

Chloride  of  potassium 
Chloride  of  sodium 


46-46 

41-37 

46-48 

50-00 

8-23 

4-59 

8-16 

6-56 

4-65 

10-93 

7-52 

6-40 

8-91 

9-11 

5-78 

5-09 

4-50 

6-92 

15-61 

13-01 

10-63 

15-99 

11-93 

13-69 

0-57 

1-33 

7-41 

8-96 

9-21 

2-13 

3-95 

3-92 

100-00 

100-00 

100-00 

100-00 

The  following  analyses  of  the  ash  of  raio 
by  Dr.  Richardson : — 


sugar  and  molasses  are 


Potash 

Lime 

Magnesia 

Oxide  of  iron  . 

Oxide  of  copper 

Protoxide  of  manganese 

Chloride  of  potassium 

Chloride  of  "sodium  . 

Sulphuric  acid 

Silica 

Ashes 


Sugar. 
19-42 

14-  67 
10-72 

6-55 

0-  71 
trace 

8-03 

15-  46 
10-85 
13-59 

1-  33 


Molnsses. 
36-23 
12-72 
11-14 

2-  62 
trace 
trace 

1-58 
25-87 
7-91 
1-93 

3-  60 
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Payen  found  12  kilogrammes  of  molasses  to  contain:— 


Sugar  .... 
Acetate  of  potash 
Chloride  of  potassium  . 
Sulphate  of  potash 
Mucilaginous  matter  . 
Phosphate  of  lime 
Nitrogenous  substances 
Silica  .... 
Acetate  of  lime 
Phosphate  of  copper 
Water  .... 
Glucose  and  uncrystallizable  sugar 


7-5<^100 
0-20!)30 
0-114C0 
0-085.00 
0-07630 
0-0.0200 
0-05000 
0-02390 
0-016-20 

0-  00020 

1-  80000 
1-50100 


ON  THE  ANALYSIS  OP  STTGAK. 


It  -will  be  unnecessary  for  practical  piu-poses  to  make  a  full  quan- 
titative analysis  of  the  sugars  of  commerce,  but  it  -will  be  sufficient  to 
estimate  the  ioHovnng : —  Water,  glucose,  cane  sugar,  mineral  matter, 
matter  insoluble  in  water  separating  the  amounts  of  inorganic  and 
organic  matter;  the  former  will  consist  chiefly  of  silica  and  other 
earthy  matter,  and  the  latter  of  fragments  of  the  sugar  cane,  sjwrules 
of  fungi  and  acari. 

The  estimation  of  ioater.—2  or  3  grammes  of  the  st^ar  are  to  be 
dried  in  a  platinmn  basin  in  the  water-bath  unlU  they  cease  to  lose 
weio-ht,  the  loss  indicating  the  amount  of  water  present. 

"Estimation  of  os/t.— The  dried  sugar  is  then  incinerated  and  the 
ash  weighed. 

Estimation  of  suspended  matter.— 20  granmies  of  the  sugar  are  dis- 
solved in  water,  end  the  solution  filtered  through  a  weighed  filter. 
The  filter  is  washed,  dried,  and  weighed ;  thus  the  total  amount  of 
suspended  matter  is  obtained.  The  filter  is  then  burnt,  and  the  jesidue, 
consisting  of  the  silica  and  other  mineral  impmities,  weighed.  The 
difierence  between  the  two  weighings  gives  the  amount  of  the  orgamc 

suspended  matter.  ,    ,    .      „  ^  n 

Estimation  of  glucose.— The  filtered  solution  of  5  granmies  of  siigar  is 
made  up  to  600  cc.,  and  the  sugar  estimated  by  means  of  the  alkaline 
copper  solution,  to  be  presently  described. 

The  principle  of  this  method  is  the  foUowing :— Grape  sugar  is  a 
body  which  easily  takes  up  oxygen  from  other  substances,  it  being 
converted  into  carbonic  acid  and  water.  Thus,  acting  upon  a  solution 
of  nitrate  of  silver,  metaUic  silver  is  thrown  down;  whilst  h-om  a 
solution  of  copper,  not  metallic  copper,  but  a  sub-oxide  of  copper,  Oa^U 
is  deposited.  This  oxide  being  easily  soluble,  even  m  weak  acids,  it 
follows  that  this  reduction  can  take  place  only  in  an  alkaline  solution. 
But  by  adding  caustic  soda  or  potash  to  a  solution  of  sidphate  ot 
copper,  the  whole  of  the  copper  is  precipitated  as  hydrate  ot  oxide  ot 
copper    This  precipitate,  however,  is  easUy  soluble  m  tartai-ic  acid  and 
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solutions  of  the  alkaline  tartrates.  We  have,  therefore,  in  this  pro- 
perty the  means  of  preparing  an  alkaline  copper  solution  without  the 
emplopnent  of  ammonia,  in  which  the  sub-oxide  of  copper  is  soluble. 

The  solution  then  is  prepared  as  follows  : — Perfectly  piu'e  crj-stal- 
lized  sulphate  of  copper  is  powdered  and  pressed  between  blotting- 
paper  to  remove  all  adherent  moisture.  34-639  grammes  are  exactly 
weighed  out  and  dissolved  in  aboiit  200  cc.  of  distilled  water.  In 
another  vessel  173  grammes  of  pure  tartrate  of  soda  and  potash  are 
dissolved  in  400  cc.  of  a  solution  of  caustic  soda,  specific  gravity  1-14. 
The  copper  solution  is  now  slowly  poured  into  the  second  solution,  and 
the  dpep  blue  liquid  thus  obtained  is  diluted  exactly  to  1000  cc.  10 
cc.  of  this  solution  contain  0-34639  gramme  of  sulphate  of  copper,  and 
are  capable  of  reducing  0-050  gramme  of  anhydrous  grape  sugar  and 
0-067  gmnime  of  milk  sugar.  Starch,  dextrin  'and  cane  sugar  may  be 
converted  into  grape  sugar  by  prolonged  boiling  with  dilute  sulphiuic 
acid.  10  cc.  of  the  solution  of  copper  correspond  to  0-045  gramme  of 
starch  or  dextrin,  and  to  0-0475  gi-amme  of  cane  sugar. 

The  method  of  the  employment  of  the  copper  test  is  as  follows  : — 
10  cc.  of  it  are  exactly  measured  and  transferred  into  a  small  flask, 
60  cc.  of  water  are  added,  and  the  blue  liquid  is  heated  to  boiling. 
The  solution  of  sugar,  which  must  not  contain  more  than  1  in  lUO 
parts  of  water,  is  now  slowly  dropped  into  the  copper  solution  from  a 
burette  graduated  into  j\  cc.  The  liquid  assiunes,  after  the  addition  of 
the  fii-st  few  drops,  a  greenish  colour,  and  the  sub-oxide  subsides  in 
proportion  to  the  amount  of  solution  added.  The  precipitate  is  first  of 
a  yellowish  and  then  of  a  bright  red  colour.  After  further  boiling  the 
oxide  readily  settles,  and  the  colour  of  the  liquid  can  then  be  obsei-ved. 
As  long  as  the  faintest  blue  tint  remains  more  sugar  solution  must  be 
added.  When  the  solution  appears  colourless  a  few  drops  are  filtered 
into  a  test  tube,  and  some  sulphm-etted  hydrogen  water  is  added  to 
It  after  acidulation  with  hydrochloric  acid.  A  black  coloration  would 
indicate  the  presence  of  copper  and  prove  that  the  reaction  is  not  vet 
finished  ;  while,  if  it  appears  colourless,  the  volume  of  the  sua-ar  solu- 
tion IS  noted.  Suppose  10  cc.  have  been  used,  these  contain  0-050 
gramme  of  grape  sugar. 

It  must  he  remembered  that  the  separated  suboxide  of  copper  will 
gradually  dissolve  in  the  supernatant  liquor  as  soon  as  this  becomes 
cold,  as  oxide,  into  which  it  is  converted  by  the  oxygen  of  the  atmo- 
posSe^'^*^  ^ence  the  necessity  of  conducting  the  process  as  quickly  as 

EstAmatim,  of  cane  sugar.— C(^ne  sugar,  starch,  and  dextrin  are,  as 
mentioned  above,  converted  into  gi-ape  sugar  by  boiling  with  sulphuric 
acid.  Two  hours'  boiling  will  be  sufficient  in  the  case  of  cane  sugar, 
while  starch  and  dextrin  require  from  3  to  4  hours.  From  5  to  6 
Jrops  of  sulphuric  acid  are  amply  sufficient  for  a  gramme  or  two  of 
tne  substance.  This  acid  must,  of  course,  after  the  conversion,  be 
neutralized  by  the  addition  of  a  few  drops  of  caustic  soda ;  the 
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copper  solution  is  tlien  to  be  employed  exactly  in  the  manner  described 
under  the  previous  heading. 

Or  the  quantity  of  sugar  may  be  estuuated  from  the  weight  of 
the  precipitated  cuprous  oxide.  Dextrose,  laevulose  and  the  mixture 
of  these,  termed  inverted  sugar,  all  of  which  may  be  included  under  the 
head  of  glucose,  reduce  the  same  quantity  of  copper  to  the  state  of 
suboxide. 

But  the  quantity  may  be  determined  in  vanous  other  ways,  as 
from  the  carbonic  anhydride  or  the  alcohol  resulting  from  the  de- 
composition of  the  sugar  bv  fermentation.  According  to  Pasteur,  1(X) 
parts  of  cane  sugar  yield  5-26  parts  of  water,  49-12  of  carbonic  acid, 
and  51-01  of  absolute  alcohol,  the  remainder  of  the  sugar  being  trans- 
formed into  glycerine  and  succinic  acid.  1    J  • 

A  weighed  quantity  of  the  sugar,  say  2  grammes,  is  dissolved  m 
about  50  cc.  of  water,  and  a  small  quantity  of  dry  or  German  yeast  is 
added  to  it.  The  liquid  is  put  into  a  small  flask  furnished  with  a  pork 
perforated  for  the  reception  of  a  light  tube  fflled  with  chloride  of  calciiun. 
The  whole  apparatus  is  accuratelv  weighed  and  kept  for  two  or  three 
days  at  a  temperature  of  about  30°  0.,  until  the  whole  of  the  sugar  has 
become  decomposed.  The  apparatus  is  then  again  weighed,  and  trom 
the  loss  of  weight  occasioned  by  the  escape  of  the  carbonic  acid,  the 
quantity  of  the'siigar  is  calculated.  ,   ,  ,     ^.     ^  j 

The  liquid  in  the  flask  mav  be  distiUed,  and  the  alcohol  estimated 
in  the  usual  manner  by  taking  the  specific  gravity  of  the  distillate. 
.  In  fruits,  as  has  already  been  stated,  cane  sugar  frequently 
occurs,  together  with  glucose,  when,  should  it  be  deemed  necessarx- 
to  separate  the  two  kinds  of  sugar,  this  object  may  be  eAected  by  m»^  1 1  s 
of  slaked  lime,  emploved  in  the  manner  descnbed  on  page  2-M. 

Saccharimetnj.—ii  a  solution  consist  chiefly  of  cane  sugar  and 
water,  as  in  cane  and  other  saccharine  juices  and  liquids,  the  qiuantitv 
may  be  determined  by  talcing  the  specific  gravity  of  the  mixture  aud 
consulting  the  table  already  given.  _ 

On  the  estimation  ofsiiqar  by  means  ofthepolariscope.--Lme  sugar,aa 
we  have  seen  above,  turns  the  plane  of  polarisation  to  the  right,  and  tne 
an<^le  of  polarisation  stands  in  direct  proportion  to  the  strength  ot  tbe 
8u°ar  solution.  If  we  insert  between  two  Nicol's  prisms  which  cross 
each  other  at  right  angles,  and  do  not  therefore  admit  the  passage  ot 
licrht.  a  stratum  of  a  solution  of  sugar,  the  ray  of  light  pa^ses 
throiigh  the  prisms,  and  the  analyser  must  be  turned  towards  tiie  lett 
for  a  certain  nmnber  of  degrees  until  light  is  again  excluded. 

The  su<^ar  solution,  before  it  can  be  analysed  in  this  manner,  must 
be  subjected  to  special  treatanent.  If  the  solution  be  turbid  and  con- 
tain  ffiim,it  should  be  mixed  with  one-tenth  ot  its  volume  of  a  solution 
of  isino-lass;  it  should  then  be  agitated  with  U  volumes  of  a  cohol 
whereby  a  precipitation  occurs,  the  liquid  becomes  punfaed,  and  alter 
filtration  is  ready  for  observation. 
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If  the  solution  he  colom-ed,  it  must  be  jDassed  throug'h  animal 
charcoal ;  but  as  this  substance  is  said  to  take  up  sugar,  the  iirst  foiu'th 
that  passes  through  must  be  rejected. 

Should  the  solution  contain  one  of  the  glucoses,  as  dextrose, 
lasvidose,  or  inverted  sugar,  or  any  other  substance  possessing  rotatory- 
properties,  and  which  are  not  altered  by  boiling  with  acids,  the 
amount  of  cane  sugar  may  be  determined  by  noting  the  rotatory  power 
of  the  solution  both  before  and  after  conversion  of  the  sugai-  by  boilina- 
with  dilute  sidphuric  acid,  the  temperatiu-e  being  also  obseiwed  in  the 
latter  case. 

_  The  first  observation  having  been  taken,  100  cc.  of  the  solution  are 
mixed  with  10  cc.  of  strong  hydrochloric  acid,  the  mixtm-e  beino- 
heated  for  15  minutes  to  68°  C.  Now,  since  the  rotatory  power 
of  the  solution  cooled  to  the  original  temperatiu-e,  the  observation 
having  been  made  in  a  tube  one-tenth  longer  than  the  first  tube, 
remains  imaltered  so  far  as  the  glucoses  are  concerned  ;  and  whereas  the 
cane  sugar  has  now  been  replaced  by  inverted  sugar,  the  amount  of 
cane  sugar  may  be  calcidated  from  the  rotatory  power  peculiar  to  in- 
verted sugar,  as  follows  :— 

The  angle  of  rotation  (a)  of  the  original  liquid  is  made  up  of  the 
rotation  ot  the  gi-ape  sugar  (g  G),  and  that  of  the  cane  sugar  (c  C), 
wJiilst  the  rotatory  power  of  the  solution  after  conversion  («J  depends 
upon  the  rotation  produced  by  the  grape  sugar  (g  G)  and  that  of  the 
inverted  sugar- (^  C).  Therefore, 

a  =  gG  +  cC 
€1^  =  g  G  +  iC 
a  —      ^  c  C  —  i  C,  or 
a  —  «j  =  C(c-i). 

Therefore,  C=  ■  a  and     are  the  angles  obtained  in  the  two 

experiments  ;  c  is  at  a  temperature  of  15°  0.  equal  to  73-8°,  and  i 
equal  to --25.  Therefore  c-^=  +  98-8.  From  these  data  it  is  easy  to 
calculate  in  each  special  case  the  quantity  of  cane  sugar  contained  in  1 
part  of  the  sugar  solution. 

The  specific  rotatory  power  of  the  principal  descriptions  of  su<^ar 

•  with  which  It  IS  probable  that  we  shall  have  to  deal  in  connection  with 

I  this  subject  are  the  following ; — 


Dextrose 
LjBvulose 
)» 

Cine  sugar 
Milk  „ 
Inverted,, 
Galactose 


+  56° 

-106°  at  U°C. 

-  63°  at  90°  C. 
+  7.3-8° 

+  59-3° 

-  2.5°  at  16°  C. 
+  83° 
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Separation  of  cane  sugar  from  fruit  sugar— VaQ  juice,  after  the 
addition  of  some  alcohol,  should  there  be  any  fear  of  fermentation,  is 
saturated  with  slaked  lime  and  filtered.    The  filtrate  is  heated  to  the 
hoilino-  point  and  again  filtered  at  that  temperature ;  the  insoluble  sugar- 
lime  remaining  on  the  filter,  is  thoroughly  washed  with  water:  transfer  it 
to  a  suitable  vessel,  pour  water  upon  it,  and  remove  the  lime  from  the 
sucrar  compound  by  means  of  a  cim-ent  of  carbonic  acid.  The  siigar  solu- 
tion is  to  be  once  more  filtered,  evaporated  to  a  sjTup,  decolorized  witli 
animal  charcoal,  mixed  with  alcohol  till  it  becomes  turbid,  and  then 
left  to  crystallize.    By  the  first  operation  not  more  than  two-thirds  ot 
the  cane  sugar  present  are  obtained,  and  the  process  must  be  repeated 
for  the  separation  of  a  further  quantity.    Should  the  sugar  solution  be 
verv  turbid  after  the  decomposition  of  the  lune  compound  by  carbonic 
acid  basic  acetate  of  lead  must  be  added,  and  then,  after  filtration,  the 
excess  of  lead  is  removed  by  means  of  sulphm-etted  hvdrogen 

The  process  of  Peligot  may  be  briedy  noticed  here.  The  cane 
sugar  and  glucose  are  combined  with  Ihne  in  the  cold,  and  the  lime 
estimated  by  neutralisation  with  sulphuric  acid,  and  fi-om  the  amount  of 
this  used  the  quantity  of  sugar,  calcvUated  as  cane  sugar  is  ascertmned 
Another  portion  of  the  solution  which  has  been  satiu-ated  with  lune  is 
boiled,  whereby  the  lime  compoimd  of  cane  siigar  is  precipitated,  and 
the  Strate  is  again  neutralised  with  sulphuric  acid.  The  difference 
between  the  quafities  of  acid  used  before  and  after  the  boiling  indicates 
the  amount  of  cane  sugar,  while  the  volume  of  acid  used  for  the  second 
neutralisation  gives  the  quantity  of  glucose.  u  p  tt  O 

The  compoimd  of  Imie  with  cane  sugar  has  the  formula  bioU^oUi,, 
30aO,  while  that  with  glucose  is  represented 
■  former  contains  67-06  per  cent,  of  cane  sugar  and  the  latter  65  per 

Vvefy'simple  process  indicated  by  M.  Payen  in  his  work  entitled 
'  DetsStances  ^imentaires,'  and  employed  in  most  «"^ar  i-efan^^^^^^^ 
in  France,  '  consists  in  washing  the  rough  or  moist  ^^^^^  T^*^ 
at  85°  li-htly  acidulated  with  five  hundredths  of  acetic  acid  and 
StSated  witJ  sugar-candy.  The  liquid  dissolves^  h^^^^^^ 
and  the  imcrystaUizable  sugar,  while  it  does  not  attack  the  crystals  oi 
cane  or  beet  sugar. 


ON  THE  STRTTCTTTKE  OF  THE  8TJGAB-CANE. 

On  the  presence  of  fragments  of  sugar-cane  in  sugar.— jiiice  of 
the  S^e  is?xpi?ssed\v  means  of  powerful  machinery,  and  dunng  the 
opeSn  nSerous  fragments  of  the  cane  it?eW,  "^any  of  them  of 
eSJeme  minuteness,  become  detached,  and  pass  into  the  juice.  As  this 
?f  iS^anufacture  into  sugar  does  not  undergo  in  general  any  process 
of  XtSn  and  as  but  few  of  the  fragments  dram  away  with  the 
?2cle  ?he  greater  mmiber  of  them  are  retained  in  the  sugar,  in  aU 
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imfiltered  samples  of  which  they  may  be  readily  detected  in  ahuudaiice 
by  means  of  the  microscope. 

For  the  more  ready  and  certain  identification  of  these  fragments, 
it  is  necessary  to  give  a  short  outline  of  the  structiu-e  of  the  suo;ar-cane 
itself. 

The  sugar-cane  belongs  to  the  class  of  Endogens,  and  consists  of 
nearly  cylindrical  rods  or  stems,  which  are  divided  into  joints  at  irre- 
gtdar  distances  of  some  three  or  fom-  inches,  and  its  structm-e  is  made 
up  of  cellular  tissue,  woody  fibre,  vessels,  and  epidermis. 


Fig,'  ei. 


A  fragment  of  Suraii-Cane,  taken  from  near  the  centre  of  the  stem,  showing 
the  size  and  character  of  the  cells  of  which  the  patenchymais  formed  as 
well  as,  on  the  left,  a  bundle  of  woody  fibre.  Drawn  with  the  Camera  Lucida, 
and  magnified  100  diameters. 

The.  parenchyma,  or  cellular  tissue,  forms  the  most  considerable 
portion  of  the  sugar-cane,  and  is  constituted  of  aggregations  of 
infinite  niunbers  of  utricles  or  cells,  in  the  cavities  of  which  the  juice 
is  enclosed. 

These  cells  are  usually  rather  longer  than  broad,  and  in  the  central 
parts  of  the  bamboo  they  are  several  times  larger  than  in  its  outer  and 
harder  part ;  the  membranes  of  which  the  walls  of  the  cells  are  formed 
are  all  finely  dotted  or  punctated,  a  character  by  which  the  cells  of 
the  sugar-cane  may  be  clearly  distinguished  from  most  other  vegetable 
cells  (fig.  61). 
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The  tcooihf  fibre  ti-a verses  the  cane  in  a  lonjritudinal  direction  in 
distinct  bundles,  which  give  to  transverse  sectioas  a  dotted  appear- 
ance. Each  bundle  is  constituted  of  a  number  of  greatly  elongated 
cells,  and  sometimes  encloses  vessels ;  these  are  also  asually  more  or 
less  dotted,  like  the  ordinary  cells  of  the  parenchyma,  of  which,  indeed, 
they  are  merely  modifications  (fig.  62). 

The  ressefo  follow  the  same  disposition  as  the  woody  fibre  in  the 
centre  of  each  bundle  of  which  one  or  more  is  generally  included. 
These  vessels  are  of  two  kinds :  the  one  is  the  iuten-upted  spiral  or 

Fig.  G2. 


Fragments  of  the  StjaAn-CANE,  exhibiting  the  structure  of  the  two  kinds  of 
vessels  which  enter  Into  Its  composliion,  as  weU  as  the  cells  of  which  the 
woody  fibre  is  constituted,  a,  Dolled  vessel  embedded  in  woody  fibre ;  6, 
ceDs  of  woodi/  fibre  ;  c,  spiral  vessel.  Drawn  with  the  Camera  Lucida,  aud 
magnified  200  diameters. 

dotted  vessel,  and  the  other  the  simple  or  continuous  spiral  vessel. 
The  dotted  vessels  are  sometimes  cylindrical,  but  frequently  polygonal, 
from  the  compression  exerted  upon  them  by  the  woody  fibre,  by 
which  they  are  immediately  surroimded,  and  the  marldno:s  of  the 
cells  forming  which  they  frequently  exhibit  on  their  surfaces:  the 
spiral  vessels  are  found  cliiefiy  in  the  outer  aud  harder  part  of  the 
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stem ;  they  are  formed  of  a  single  thread,  remarkaUe  for  its  thickness 
and  strength  (fig.  62.) 

The  epidermis  or  cuticle  is  Imown  hy  the  elongated,  crenate  cells  of 
which  it  is  composed,  and  the  presence  of  stomata.  At  the  distal  ex- 
tremity of  each  internode  of  the  cane,  the  ordinary  epidennic  cells 
are  replaced  or  orerlaid  by  a  layer  of  cells,  having  totally  different 
chai-aeters ;  they  are  usually  a  little  longer  than  hroad,  more  or  less 
.roimded  or  oval  in  shape,  marked  with  short  and  well-defined  lines 
disposed  in  a  radiate  manner  :  these  cells  resemble  somewhat  the  cells 

Tig.  G3. 


A  portion  of  the  EproERins  of  the  Caue,  showtag  the  two  kutos  op  rfrr  r  nf 
which  It  IS  composed-viz.,  those  of  which  the  general  su-So?nf  th»on^;l  ° 
formed  and  those  of  which  thepollshed  zonrdfscrTbedTn  thf  text  rchl^^^ 
constituted.  Drawn  with  the  Camera  Lucida,  and  magJlked  200  di^^^^^^^^ 

found  in  the  stones  of  fruit  and  they  form  by  their  union  a  zone  round  the 
cane  polished,  hard,  and  of  about  the  third  of  an  inch  in  depth  (S^  63) 
Fragments  of  sugar-cane  are  present  in  great  quantity  in  Musco- 
vado sugar,  in  the  sugars  of  the  shops  in  general,  ahd  in  'bastards '  a 
product  of  the  manufacture  of  loaf  sugar  dastards,  a 

nor?^7J;?.''1+rv        \"  ^'^^  ^^"^^^'1  ^™P^  candy, 

Llr.  ft^T  ■  •  '     1*  ^"^^^"^  '"^^^'^  5     the  preparation  of  all  these 

'^^^-^^^^^  ^^^^^ 
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Tlie  presence  of  these  fragments,  in  many  cases,  serves  to  distinguish 
satisfactorily  cane  sugar  from  either  beet,  maple,  or  grape  sugar,  a 
discrimination  which  otherwise  it  would  be  extremely  difficult  to 

^^^By  the  same  means,  also,  cane  sugar  may  be  detected  when  mixed 
with  beet,  a  practice  which,  we  believe,  is  not  uncommon  in  France, 
and  even  in  this  country.  .  j      ;i        e  t 

The  saccharine  juice  of  the  beet-root  is  filtered,  and  theretore  trag-_ 
ments  of  that  plant  are  not  present  in  the  sugar  made  from  it,  as  they 
would  doubtless  be  were  this  means  of  purification  not  adopted. 

The  presence  of  sugar-cane  in  sugar  lessens  somewhat  its  sweet- 
ness and  thus  helps  to  deteriorate  both  its  quality  and  value. 


Kg.  64. 


Ova  and  vo\me  of  the  Acakus  sacchaki.  or  .^upnr  insz-d. 
ova  ana  yov^g  ^^^^^^  ^^^.^^^       magnified  200  diameters 


Drawn  witli 


PHTSIOLOGICAL  ACTION  AND  PROPEKTIES  OF  CANE  SUGAK. 
Sugar  contributes  to  the  formation  of  fat  and  lactic  acid  ;  it  supplies 
miterial  for  the  maintenance  of  respiration,  furnishing  by  its  oxida- 
tion heaVto  the  system.  Sugar,  and  treacle,  especially  the  latter,  ha.e 
an  aperient  tendency. 

The  Impurities  of  Unrefined  or  Broivn  Sugar. 
Ordinary  brown  su-ar,  prepared  from  juice  which  has  not  been 
subSed  to  efficient  filtration,  contains  almost  invariably  a  great  many 
Jraiments  of  the  tissue  of  the  sugar-cane,  spondes  of  a  fungus  mi- 
Sous  !Lr»,  glucose,  and  other  impmities,  from  which  white  or 
refined  sugar  is  entirely  free. 
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Tlie  presence  of  these  various  and  damaging  impurities  is  thus 
explained. 

_  _  The  presence  of  the  fragments  of  cane  is  accounted  for  by  the  cane- 
juice  not  having  been  filtered,  of  the  fungus  and  of  the  insects,  by  the 
termentation  of  the  sugar,  and  the  presence  of  nitrogenous  matter.  In 
sugars  which  have  been  filtered  none  of  these  impurities  are  met  with. 
We  shall  now  proceed  to  describe  the  fungus  and  acarus,  or  sugar- 
mite. 

Fig.  65. 


A  Slgar  iNfeEcr  of  medium  size,  representing  its  attitude  and  appearance  when 
alive,  and  hs  seen  crawling  on  a  fragment  of  cane.  Drawn  vrith  the  rimiPra 
Lucida,  and  magnified  200  diameters.  ^  Camera 

On  the  fungus  in  stt.^ar.— Innumerable  sporules  of  fungi  are  verv 
generally  to  be  observed  in  the  less  pui-e  kinds  of  sugar;  they  occur, 
indeed,  most  abundantly  in  those  sugars  which  favour  the  develop- 
ment of  the  acari. 

The  sporules  are  best  seen  by  dissolving  a  smaU  quantity  of  any 
brown  sugar  in  water,  and  looking  for  them  in  the  sediment  which 
subsides,  and  which,  to  a  great  extent,  is  constituted  of  the  sporules 
m  question.  ^ 


242 


SUGAH  AND  ITS  ADULTEBATI0N8. 


These  sporiiles  are  exceedingly  minute  bodies,  usuaUy  of  an  oval 
fornij  aa  represented  in  tig.  67. 


Fig.  CG. 


/ 


4.„  „  arrriAu  TvqurT  which  has  nearly  attained  its  full  deve- 
Lucida,  Ud  magnified  200  diameters. 

ThP  sttflffr-miYe.— The  sugar-mite,  or  Acarit^  sacchmi,  first  detected 
T.V  thfi  aSor  in  raw  sugar  in  1851,  and  described  in  liis  report  published 
?n^|he  l«tSS  to^^^  so  considerable  thaUt 

SainlY  -Sible  to  the  unaided  sight.  When  present  m  sugar,  it  may 
Slw^ys  be  detected  by  the  following  proceeding  :-A  teaapoonful 
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or  two  of  the  sugar  sliould  be  dissolved  in  a  large  wine-o-lass  of 
tepid  yater,  aud  the  solution  allowed  to  remain  at  re'st  fo;-  an  hour  or 
so  ;  at  the  end  of  that  time  the  acari  will  be  found,  some  on  the 
surface  of  the  liquid  some  adhering  to  the  sides  of  the  g  ass,^nd  others 
at  the  bottom  mixed  up  with  the  copious  and  dark  sedim^nrformed 
of  fi-agments  of  cane  woody  fibre,  grit^ dirt,  and  starch  gi-amUes  wWch 
usuaUy  subsides  on  the  solution  of  even  a'smaU  quanfity  Tsl^.^Tn 

Fig.  67. 


>9     ij'T  - 


Sporules  ol  the  Fungus  found  in  brown  sugar.   Drawn  with  the  Camera 
Lucida,  and  magnified  420  diameters.  camera 

^1°"°'*         "^'^Ple  of  brown  sugar 
erJ^uflT'  '°''^T^^  fi'-^*  as  a  rounded  body,  or  e-g  •  this 

"=s:'lrrif ^^^^^^^ 

ine  acarus  thus  far  formed  goes  on  increasing  in  size  until  it 

s  2 
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attains  its  Ml  growth,  when  it  is  visible  to  the  naked  eye  as  a  mere 

'^'in  its  perfect  state,  its  structure  i^^s  follows  : -The  body 
or  rather  somewhat  ovate,  hein<r  broader  behind  than  before  ;  from  its 
posterior  paS  foiu-  long  and  stiff  bristles  proceed,  two  together  on  each 
Se  andCne  ei.ht  or  ten  smaller  ones  are  an-anged  nearly  at  eqiml 
SauSs  around  the  circumference  of  the  ^ody ;  fromjs  ^ntenor 
T^art  a  uroboscis  of  complex  organisation  proceeds,  and  trora  its 
F^iio\3;reight  legs!.iointed  and  wit Vjn- 

J.  1,  „^;o,.ia+^An  •  thp  sT)ine  which  issues  irom  tne  last  joint  inn. 
^L'otet?  t t^^^^^^^^^  extends  much  beyond  the  term  na- 

Sn  of  the  leg  itself ;  Ltly,  each  leg  is  armed  at  its  extremity  with  a 

''Iw'oV the  above  particulars  are  faithfully  exhibited  in  the 

'°°ln  mSt  impirof  ^ar  the  acari  may  be  seen  of  all  sizes,  that  is, 
^r,  Jl  tr  states  of  their  growth  and  in  every  condition;  some  alive, 
Xrs  deat^oml  entirefind  others  broken  into  fragments;  bodies 

W?haveTak  that  the  sugar-mite  is  very  commonly  Present  in  the 
less  pure  su'ars-we  might  have  asserted  that  it  is  ahnost  constantly 
so  ^rstatement  being%ased  upon  the  examination  of  not  less  than 

""'^  t:t:k!t:t2:^^i:L^^^  in  any  sample  of  sugar  may 
he  ttin  a'Mr  indication  of  the  ^1%  of  that  sugar  ;  the  purer  the 
sugar,thefr^r  it.nll  beft.^^  are  subject  to  an 

affection^?  t^d^nomLted;  ^^^^^^^^^         of  which  one  of  the 

f -TlnMn  i  have  had  occasion  to  examine,  more  or  less  minutely, 
m.?Wrerand  i^^^^  of  sugar,  in  quality  vamng 

nearly  one  nunarea  »uu  u  t,„™     The  oreater  number  of 
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for  use  ;  they  abounded  id*  organic  filth,  and  contained  great  numhers 
of  disgusting  insects.  .All  the  samples  of  inferior  sugar  were  of  the 
kind  known  as  raw,  and  in  no  instance  did  I  detect  in  the  rehned 
article  the  slightest  trace  of  any  substance  injurious  to  the  health  or 
repugnant  to  the  feelings.  '  With  such  facts  as  these  before  me,  and 
wi-iting  in  the  interest  of  the  consumer,  I  advocate  the  exclusive  use  of 
refined  sugar.  I  unhesitatingly  assert  that  no  one  who  pays  any  atten- 
tion to  the  purity  of  his  food,  aware  of  the  nature  of  the  impurities  so 

rig.  68. 


A  fragment  of  woody  fibre  of  the  Fra.  showing  Its  structure.  Drawn  with 
the  camera  Lucida,  and  magnified  200  diameters. 

frefiuently  abounding  in  the  raw  article,  could,  without  a  feelino'  of 

oathmg,  niake  use  ot  It.    .    .    .    The  use  of  r'aw  sugar  is  rapidly  on 

Itft  will'  publicatbn  of  this  iLle 

w^  J;T  .f  ^•''^If^'^*^"^'^^^^  •  •  •  I^r.  Hassan,  who 
was  the  first  to  notice  the  general  occmi-ence  of  acari  in  tlie  raw  sugar 

^72        1      '  ^  1^^"^"^         ii  ^0  fewer  than  69  Cut 

01     samples.    He  did  not  detect  them  in  a  single  specimen  of  re/ined 
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sugar.    The  results  of  my  examination  of  the  sugar  sold  in  Dublin 
coincided  pretty  closely  with  Dr.  Hassall's  experience.    In  the  refined 
sorts  I  found  nothing  but  crystallizable  and  non-crystallizable  sugar 
and  a  little  saline  matter  ;  in  the  raw  kinds  organic  and  mineral  filth, 
often  in  great  abundance.     One  of  the  samples  which  I  examined 
contained  a  larger  nxunber  of  insects  than  I  believe  had  previously 
been  noticed,  or  at  least  recorded,  by  any  other  observer.    In  10 
grains  weight  I  estimated  no  fewer  than  500,  most  of  which  were 
so  large  as  to  be  distinctly  visible  to  the  naked  eye.    It  is  no  ex- 
aggeration to  alBrm  that  there  cannot  be  less  than  100,000  of  these 
insects  in  every  pound  of  this  sugar.   The  assertion  (as  reported  in  the 
newspapers)  that  one  pound  of  raxo  sugar  contained  100,000  active 
insects  must  no  doubt  have  appeared  incredible  to  some  people ;  but 
that  I  was  not  guilty  of  exaggerating  the  number  was  proved  by  the 
results  of  other  observers.    A  committee  of  microscopists,  composed 
of  Drs.  Aldridge,  Minchiu,  Symes,  and  Booth,  and  Mr.  Reynolds, 
visited  the  workhouse,  and,  in  presence  of  the  officials,  examined  the 
suo-ar,  and  satisfied  themselves  that  my  accoimt  of  it  was,  in  everj' 
respect,  an  acciu-ate  one.    Two  samples  of  the  sugar  were  also 
examined,  one  by  Dr.  John  Barker,  Curator  of  the  Royal  College  of 
Surgeons,  Ireland;  the  other  by  Dr.  Hassall,  of  London,  a  very 
eminent  authority  \ipon  the  subject.    In  15  grains  weight  Dr.  Hassall 
fouud  considerably  over  100  living  insects,  or  at  the  rate  of  42,000  per 
pound :  and  Dr.  Barker  estimated  no  fewer  than  1,400  in  45  grams 
weight,  or  at  the  rate  of  268,000  acari  in  each  poimd  weight  of  sugar. 

Another  impmity  very  frequently  met  with  in  limip  sugar  consists 
of  minute  sawdust-like  fraqments,  not  only  of  deal,  but  also  of  other 
woods  ;  they  often  occur  in  great  abvmdance,  and  of  then-  presence  it 
is  not  easy  to  give  a  satisfactory  explanation.  Possibly  they  are 
derived  from  the  board  on  which  the  loaf  sugar  is  broken  mto 

^^™The  impurities  of  raw  sugar  prevail  to  such  an  extent,  and  are  of  such 
a  natm-e— consisting  of  live  animalculse  or  acari,  sporules  of  fungus, 
sxit  woody  fibre,  &c.— that  we  feel  compelled,  however  reluctantly, 
to  come  to  the  conclusion  that  the  h-oim  su(/ars  of  commerce  are,  vi 
general,  in  a  state  unfit  for  human  consumption. 

AVe  sti-ongly  urge  the  sugar  refiner  to  prepare  cheap  forms  ot  puri- 
fied sugar,  in  powder,  analogous  to  crushed  lump ;  such  sugars  are 
extensively  employed  in  Scotland,  Bristol,  and  elsewhere,  and  are 
meeting  with  a  large  and  ready  sale. 

KESTJLTS  OF  THE  EXAMINATION  OF  SAMPLES. 
Out  of  seventy-two  samples  of  brovm,  sugar,  as  procured  at  different 
^hons  subiected  to  examimtion,  fraffmeiUs  of  sugar-cane  were  preseiu 
in  all  but  one.    These  were  usually  so  small  that  they  were  visible 
only  .by  the  aid  of  the  microscope. 
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Sjjorules  mi  Jilaments  of  fungus  were  present  iu  nearly  all  tlie 
sugars. 

The  acm-i  were  present  in  sixty-nine  of  the' samples,  and  in  many 
in  very  considerable  quantities. 

Grcqje  sugar  was  detected  in  all  the.  sugars. 

Four  of  the  sugars  contained  proportions  oi  starch  so  considerable 
as  to  lead  to  the  inference  that  they  were  adulterated. 

Eleven  other  samples  of  brown  sugar,  as  imported  from  the  East 
and  AVest  Indies,  furnished  nearly  similar  results.  Two  only  could 
be  regarded  as  pm-e  and  fit  for  human  consumption— a  white,  large- 
grained  Calcutta  sunrar,  resembling  crushed  lump  ;  and  a  pale  straw- 
coloured,  large-grained,  highly  crystalline  sugar  from  Cassipore. 
Both  these  sugars  had  no  doubt  been  made  from  iuice  pm-ified  by 
filtration.  j        r  j 

The  results  of  the  examination  of  ff tern*  samples  of  lump  sugar- 
were — 

That  in  none  of  the  sugars  were  fragments  of  cane  present. 
That  in  three  of  the  sugars  only  were  ti-aces  of  gi-ape  sugar  to  be 
detected. 

That  in  no  case  were  acari  observed. 

That  in  none  of  the  sugars  were  sporules  and  threads  of  funo-i 
visible.  ° 

It  has  now  been  shown  that  the  majority  of  brown  sugars,  although 
not  adulterated,  are  yet,  as  imported  into  this  country  and  as  vended 
to  the  public,  in  an  exceedingly  impure  condition. 

THE  ADULTEEATIOIfS  OP  CANE  STJGAE. 

_  Various  adulterations  have  been  stated  to  be  practised  on  sugar ;  as 
with  potato  sugar,  starch,  gu7n  and  dextrin,  finely  poiodered  marble, 
chalk  or  whiting,  sand,  hone-dust,  and  common  salt. 

Sugar  being  soluble  in  water,  it  is  obvious  that,  were  it  to  be 
adulterated  with  any  insoluble  substances,  the  discovery  of  such 
adulterations  would  be  very  easy  and  certain,  for  the  only  thino- 
necessary-  would  be  to  dissolve  a  portion  of  the  sugar  and  to  examine 
the  precipitates  which  subsided. 

_  We  have  examined  several  hundred  samples  of  sugar,  and  the  only 
insoluble  substance,  excluding  accidental  impurities,  which  we  have 
met  with,  has  been  starch,  which  was  present  in  small  quantities  in 
lour  samples.  There  is,  therefore,  but  little  foundation  for  the  tales 
we  hear  about  the  presence  of  sand  in  sugar. 

Formerly,  however,  when  sugar  was  much  dearer  than  at  present,  it 
used  to  be  extensively  adiUterated  Avith  an  inferior  description  of  suo-ar 
made  irom  potato  starch  by  the  action  upon  it  of  dilute  sulphuric  acid, 
iiut  this  adulteration  has,  we  believe,  ceased. 

Dr.  Letheby,  in  his  evidence  given  some  years  since  before  the  Par- 
liamentary Committee  of  which  Mr.  Scholefield  was  the  chairman, 
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stated,  in  reply  to  a  question  put  to  him  by  Mr.  Alderman  Cubitt : 
'  Is  there  much  potato  sugar  made  ? '— '  A  year  or  two  ago  ago,  when 
there  were  diseased  potatoes,  there  were  tons  made  in  a  week  at  one 
establishment  I  visited.  The  disease  in  the  potatoes  did  not  touch  the 
starch.' 

'  Afewyears  ago,'  writes  Dr.  Pereira,  'I  inspected  an  extensive  manu- 
factory of  sugar  from  potato  starch  at  Stratford,  in  Essex ;  the  sugar 
obtained  was  sold  for  the  adulteration  of  brown  sugar,  and  the  molasses 
produced  was  consumed  in  an  oxalic  acid  manufactory.' 

There  is  a  practice,  termed  the  '  Mixing '  or  '  Handling  '  of  sugar, 
which,  although  not  an  adulteration,  may  here  be  described.  It  con- 
sists in  mixing  together,  in  various  proportions,  sugar  of  different 
qualities  and  prices — as  moist  sugars  with  dry  ones,  very  brown  sugars 
with  those  of  light  coloiu- — the  resulting  article  presenting  a  tolerable 
appearance  to  the  eye,1)ut  being  rarely  what  it  professes  to  be — real 
Jamaica  or  Demerara  sugar. 

In  reference  to  this  subject  some  remarks  from  the  work  of  Dr. 
ScofiFern  on  the  manufacture  of  sugar  may  be  quoted  : — 

'  If  the  West  Indian  sugar-growers  were  to  be  fiu-nished  at  once 
with  a  never-failing  means  of  producing  a  large-grained,  and  there- 
fore an  easily  cured,  sugar,  to  the  exclusion  of  all  other  sorts,  their 
produce  would  have  to  encounter  a  difficulty  which  the  consumer 
would  scarcely  imagine.  Such  large-grained  sugars  are  very  un- 
favourable to  the  perpetration  of  certain  mysterious  operations  of 
legerdemain  termed  "  handling,"  which  grocers  imderstand  too  well. 
They  will  not  mix.  A  smaU-grained  sugar  may  readily  be  incorpo- 
rated with  glucose,  with  pieces  or  bastards,  and  other  less  innocent 
bodies,  without  such  incorporation  being  discoverable  to  the  eye.  A 
large-grained  sugar,  on  the  other  hand,  is .  a  most  refractory  matenal 
for  these  little  manipulations ;  its  crystals,  no  matter  how  mingled 
with  contaminating  agents,  never  ceasing  to  manifest  their  native  bril- 
liancy, and  thus  proclaiming  the  fraud.  It  is  most  easy,  then,  to 
understand  why  the  grocer,  as  a  rule,  does  not  encom-age  these  large- 
grained  sugars.  He  cannot  "  handle  "  them,  and  therefore  brands  them 
with  a  fault.  He  says  they  are  deficient  in  saccharine  matter— that 
they  will  not  sweeten.' 

THE  DETECTION  OP  THE  ADTTLTEEATIONS  OP  8TJGAK. 

As  we  have  seen,  sugar,  on  the  whole,  is  liable  to  but  little  adul- 
teration, although  the  raw  sugars  of  commerce  contain  many  im- 
purities The  chief  adulterations  which  have  been  detected  are  those 
with  starch  and  starch  sugar.  Other  articles  alleged  to  have  been 
used  for  its  adulteration  are  (fum,  dcrtrin,  chalk  or  tchdmg,  gypsum, 
sand  bone-dust,  common  salt.  These  substances,  except  the  giun 
and  salt,  are  all  insoluble  in  water ;  for  their  separation  and  ideutitaca- 
tion  nothing  more  in  general  would  be  necessary  than  to  dissolve  a 
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portion  of  the  sxigar,  to  allow  the  precipitate  to  subside,  and  to  examine 
it  with  the  eye,  and  occasionally  by  chemical  reagents. 

If  the  sugar  be  adulterated  with  gum  we  must  proceed  as  follows  :  

5  grammes  of  the  sugar  must  be  dissolved  in  boiling  spirits  of  wine. 
The  greater  part  of  the  gum  will  remain  undissolved,  and  may  be 
identified  by  its  general  characters ;  or  the  gum  may  be  precipitated 
from  its  aqueous  solution  by  means  of  acetate  of  lead,  and  estimated 
by  evaporation  and  drying  after  the  removal  of  the  lead.  Dextrin, 
which  is  intermediate  in  its  characters  between  gmn  and  starch,  may 
be  quantitatively  estimated  in  the  same  manner  as  the  gmn  ;  but  it  is  not 
precipitated  by  acetate  of  lead,  unless  with  the  addition  of  ammonia  ; 
dextrin  is  fm-ther  distinguished  from  gum  by  the  purplish  colour  to 
which  it  gives  rise  when  treated  vdth  a  solution  of  iodine,  as  also  by 
the  circimistance  that  under  the  microscope  the  remnants  of  the  starch 
corpuscles  are  stiU  visible  in  many  cases. 

The  presence  of  farinaceous  substances  may  be  thus  ascertained. 
The  precipitate  obtained  after  the  solution  of  the  sugar  in  cold  water 
should  be  treated  with  a  little  iodine;  or,  better  still,  it  mav  be 
examined  Tvdth  the  microscope,  and  the  characters  of  the  starch 'cor- 
puscles determined.  The  quantity  of  starch  present  may  be  ascertained 
..._.,r-««necting,  drying,  and  weighing  the  residue,  or  by  its  conversion 
into  glucose  by  means  of  dilute  sulphuric  acid  in  the  manner  described 
imder  'Flour.' 

Starch  sugar  is  chemically  identical  with  grape  sugar  ;  and  since,  as 
we  have  shown,  this  description  of  sugar  is  present  to  some  extent  in'all 
the  brown  sugars  of  commerce,  it  is  evident  that  the  analysis  necessary 
to  enable  the  chemist  to  state  whether  the  sugar  is  adulterated  with 
starch  sugar  or  not  must  be  a  quantitative  one,  and  that  he  is  only 
justified  ]n  concluding  that  a  sugar  is  adulterated  with  that  substance 
when  tlie  proportion  discovered  forms  a  considerable  percentae-e  of  the 
whole  article. 

The  process  for  the  detection  and  estimation  of  this  description 
of  sugar  will  be  found  described  under  the  head  of  'The  Analvsis  of 
bugar. 

We  now  come  to  notice,  generally  and  very  briefly,  the  methods 
whereby  the  alleged  mineral  adulterations  of  sugar  mav  be  deter- 
mined. 

Carbonate  of  lime  or  chalk  wiU  be  sufficiently  discriminated  by 
Its  insolubility  m  water  and  its  eflervescence  on  the  addition  of  acids, 
but  the  lull  details  of  the  process  necessary  for  the  exact  identification 
and  estimation  of  this  substance  will  be  found  described  in  the  article 
on  Water. 

Sulphate  of  lime  or  ggpsum  may  be  estimated  after  its  solution  in 
Jvdrochlonc  acid  by  precipitating  the  sulphiuric  acid  by  means  of 
cMonde  of  banum  and  the  lime  by  oxalate  of  ammonia,  as  elsewhere 
more  fully  described. 

Hone  earth  ox  phos^ihate  of  lime  is,  of  course,  insoluble  in  water,  and 


250 


SUGAU  AND  ITS  ADULTERATIONS.. 


will  collect  at  the  bottom  of  the  vessel.  If  now  it  he  separated  hy 
tiltration  and  treated  with  a  little  nitrate  of  silver,  it  will  l>ecorae  of  a 
hright  yellow  colour,  or  it  may  he  estimated  after  its  solution  iu  nitric 
acid  in  the  manner  described  in  the  articles  on  '  Tea '  and  '  Water.' 

The  method  for  the  detection  and  estimation  of  chloride  of  sodiujn 
will  also  he  found  fully  stated  in  the  article  on  '  Water.' 

Lastly,  the  sand  is  distinguished  hy_  its  insolubility  in  mmeral, 
acids,  and  it  may  be  readily  di-ied  and  weighed. 
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CHAPTER  IX. 
COLOURED  SUGAR  CONFECTIONERY. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  substances  added  for  the  sake  of  bulk,  whe:lier  vegetable  or 
mineral,  such  as  plaster  of  Paris,  chalk,  starch,  &c. ;  any  poisonous  orinjurious 
colouring  matter,  whether  mineral  or  vegetable,  such  as  combinations  of  arsenic, 
antimony,  copper,  lead,  mercury,  iron,  or  aniline  colours  contaminated  with 
arsenic. 

The  adulteration  of  articles  of  siigar  confectionery  is  a  subject  of  the 
very  greatest  importance  in  a  sanitary  point  of  view :  that  it  must  be 
so  is  evident  when  we  consider  the  poisonous  character  of  many  of 
the  substances  used,  and  also  the  large  consiunption  of  these  articles 
especially  by  childi-en  and  yoimg  persons.  ' 

That  these  articles  are  subject  to  gross  and  injm-ious  adulteration 
has  long  been  known,  and  the  subject  is  particularly  referred  to  even  by 
Accmn  and  other  early  writers  on  adulteration.  Dr.  O'Shaughnessy, 
in  the  preface  to  a  paper  on  coloured  sugar  confectionery,  published 
in  the  Lancet,  in  1888,  made  these  remarks : — 

'  In  the  following  observations  it  is  my  principal  aim  to  lay  before 
the  public  and  the  medical  profession  a  calm,  dispassionate  statement 
ot  the  existence  of  various  poisons  (gamboge,  lead,  copper,  mercury, 
and  chromate  of  lead)  in  several  articles  of  confectionery,  the  prepara- 
tion of  which,  from  their  peculiar  attractions  to  the  youno-er 
branches  of  the  community,  has  gi-own  into  a  sepai-ate  and  most  ex- 
tensive brancli  of  manufacture.  J  am  fully  aware  of  the  hazardous 
task  that  individual  undertakes  who  ventm-es  in  this  country  to  sio-- 
nalise  such  abuses.'  ° 

THE  ADtJLTERAXIOKS  OP  SUGAR  C0NFECTI0IO3RT. 

Of  a,U  the  chief  varieties  of  articles  of  sugar  confectionery,  we 
have  subjected  some  hundreds  to  both  microscopical  and  chemical 
examination,  but  we  here  give  the  results  only  of  the  analyses  of  101 
samples  made  some  time  back. 

1^'rom  an  examination  of  this  series  of  analyses,  it  appears 
Of  the  yellows — 

That  seven  were  coloured  \sdth  lemon  chrome,  or  the  pale  variety 

ot  CHKOMATE  OF  LEAD. 

That^w  were  coloured  with  orange  chrome,  or  the  deep  variety 

ot  CHROMATE  OF  LEAD, 
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That  forty-seven  were  coloured  with  tlie  bright  or  canary-coloured 
variety  of  chromaxe  of  lead. 

That  eleven  of  the  samples  were  coloured  with  gamboge. 

"While  the  colour  of  the  majority  of  the  above  samples  was  cou- 
fined  to  the  surface,  iu  many  other  cases  it  was  diliused  ec^iuilly 
throughout  the  whole  mass  of  the  sugar  used. 

Of  the  reds — 

That  sixty-one  were  coloured  with  orgnnic  pink  colouring  matters, 
consistiug  in  most  cases  of  Coccus  Cacti,  or  cochineal. 

That  in  ttvelve  of  the  samples  the  colom-ing  matter  was  bed  lead, 
KED  oxide  of  lead,  or  MINirM. 

That  in  six  cases  the  colouring  ingredient  consisted  of  versillion, 

CINKABAR,  or  BIST7LPHURET  OF  JtERCTJBY. 

Of  the  browns — 

That  eight  were  coloured  with  hmvn  ferruginous  eaiilis,  either 
Vandyke  hroion,  umber,  or  sienna. 

Of  the  purples — 

That  two  samples  were  coloured  with  a  mixture  of  Antivei-p  blue, 
which  consists  principally  of  Prussian  blue,  and  an  organic  red 
pigment,  most  probably  cochineal. 

Of  the  blues— 

That  one  was  coloured  with  indigo. 

That  elevm  were  coloured  with  Prussian  blue,  or  ferrocyamde  of 

iron.  T  .  1  •  j'c 

That  elemn  were  coloured  with  Antwerp  blue,  which  is  a  moditica- 

tion  of  Prussian  blue.  ^     j  c 

That  in  fifteen  samples  the  colouring  matter  consisted  of  GEBM.4Jf 
OR  ARTIFICIAL  ULTRAMARiJTE,  which  is  a  double  silicate  of  alu- 
mina aud  soda  with  sulphuret  of  sodium. 

Of  the  greens — 

That  Jim  samples  were  coloured  with  the  pale  vanety  of  BRrxs- 

AVICK  GREEX. 

That  four  were  coloured  with  middle  Brtjnbavtck  green. 
That  one  was  coloured  with  the  deep  variety  of  Brunswick  greex. 
These  greens  consist  of  a  mixtui-e,  in  diticrent  proportions,  of  the 
CHROMATES  OF  LEAD  and  Prussian  blue. 

That  oue  sample  was  coloured  with  verditer  or  carbonate  of 

COPPER. 

That  nine  were  colom-ed  with  Scheele's  green,  emerald  green, 

or  ARSENITE  OF  COPPER.  •  •      j  •*! 

That  in  four  of  the  samples  the  colours  used  were  painted  on  witn 
wmxE  LEAD  or  CARBONATE  OF  LEAD.  This  was  the  case  iu  all  the 
cake  ornaments. 


COLOURED  SUaAR  CONFECTIONERY.  253 
It  furtlier  appears  from  the  above  analyses — 

That  thirteen  of  the  samples  were  adulterated  with  hydrnted  sul- 
phate of  lime,  the  quantity  varying  from  4-3  to  43-66  per  cent. 
That  tiventy-one  of  the  samples  were  adiUterated  with  different 
liinds  of  Jour,  in  quantities  varying  from  1-66  to  25-56  per  cent 
In  seventeen  samples  the  farina  consisted  of  tvheat  four ;  in  three 
ot  potato  flour,  and  in  one,  of  East  India  arrowroot.  ' 

The  above  colours  were  variously  combined  in  ditFerent  cases;  as 
many  as  three  four,  five,  six,  and  even  seven  colours  occurrino-  in  the 
same  parcel  of  confectionery,  including  three  and  even  four  poisons. 

The  following  specimens  are  of  this  kind  :  

_  Suffar  seeds.-The  colours  of  one  sample  of  sugar  seeds  were 
on?nson,  pale  ptnk,  light  blue,  dull  greenish-hlue,  li(,ht  qrass-nreen 
orange-yellmo,mx&  lemon-yelloro,  mt&vnn^&A.  A\-ith  white  !?lobules  The 
coloimng  ingredients  employed  were:  for  the  crimson  and  pink,  the 
u^xx^.l  non-metalhc  red;  for  the  blue,  Antwerp  blue;  for  the  dull 
greemsh-blue,  vp.rditer,  containing  lead  -,  for  the  grass-o-reen  pale 
Bruxswick  greet.',  and  for  the  orange  and  bright  vellows^the  ^rano^e 
and  yellow  chromates  oe  lead,  in  large  quantitv.  Ash,  light  reddish- 
n-eO^^r  cent^''         '  in  water,  chiefly  W.e«^  flZ; 

Thus  no  less  than  three  active  poisons  containing  lead  and  copper 
were  present  m  this  sample  in  considerable  amount 
tl.«fn°'^  «''^^^«'-«--The  uose  and  ears  of  the  dog,  and  the  tongue  of 
the  hare,  were  coloured  bright  red  %vith  vermilio^.  The  bodv  of  the 
dog  IS  spotted  with  large  patches  of  aAMBOGE  and  Ucrnt  umbe/,  also 
wa^  the  figure  of  the  hare  which  lay  at  its  feet;  while  the  ^reen 
pigment  on  the  base,  of  which  there  Vas  a  very  large  qnanti^v  con- 
tained CHROMATE  OE  LEAD,  and  consisted  of  the  pale  variety  of  Sr^Ss- 
WICK  GREEX.    Ash,  dark  reddish-brown,  2-0  per  cent  ^ 

mxed  sugar  o,-naments.-Th.e  confectionery  in  this  parcel  is  made 
up  into  a  vanety  of  forms  and  devices,  as  hats,  iucrs,  baskets  and 
dishes  of  fruit  and  vegetables.  One  of  the  hats' il  clS  yellow 
^  h  CHRO^TATE  OE  LEAD,  and  has  a  green  hatband  aroundTco Wd 
with  ARSENi-rE  OP  COPPER ;  a  second  hat  is  white,  with  a  blue  hatband 
the  pigment  being  Prussian  blue.    The  baskets  are  coloured  yellow 

CS'^^n™  V"'-''  «f  the  pears  and  pS: 

ine  usual  non-metallic  red  pigment,  chromate  op  lead,  and  middle 
WswiCK  GRP^x  enter  largely;  while  the  carrots  represent™a 
dish  are  coloured  throughout  with  red  oxide  op  lead  and  the  tons 
Soured  suZ  LTV  ™^  ^^^^      aU  the  sampbs  ?f 

of  a^'hif  t'tn  ""'"^'^T^.'  ornaments  in  this  parcel  consisted 
ot  a  ship  m  fuU  sail,  a  duck,  a  fox,  and  a  bunch  of  flowers,  the  prin- 
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cipal  colours  "being  green,  yeUow,  red,  and  Ijrown ;  the  chief  pigments 
employed  are  chromate  of  lead,  bed  oxide  of  lead  or  red  lead, 
"viiRMiLiON,  sienna,  and  aesenitb  of  coppek:  these  being  present  m 

poisonous  quantity.  „    ,     .         ^i.  i 

It  will  he  observed  that  the  list  of  colouring  matters  above  enume- 
rated includes  some  substances  of  an  injm-ious  character,  and  many 
which  are  amongst  the  most  virulent  and  deadly  of  the  mineral  poisons. 
Of  those  which  mav  be  considered  as  more  or  less  injurious  are /e;vo- 
aicmide  of  iron  or  Prmsian  blue,  Antioerp  blue,  gamboge,  &nA.  Gernmn 
or  artifinal  ultramarine.  Amongst  those  which  are  deadly  and  poison- 
ous are-the  three  chrome  yellows  or  chbomates  of  lead  •,  red 

LEVD  or  RED  OXIDE  OF  LEAD;  WHITE  LEAD  Or  CARBONATE  OF  LEAD; 

vermilion  or  bisulphuret  of  mercury;  the  three  Brunswick 
greens;  verditeR  or  carbonate  op  copper;  and  emerald  green, 
Scheele's  green,  or  arsenite  of  copper.  ^  .  ,  • 

Other  articles  which  have  been  stated  to  be  used  m  the  colouring 
of  sugar  confectionery,  and  most  of  which  we  have  ourselves  detected, 
are  day,  chalk,  Naples  yelloio,  sulphuret  of  arsenic,  iuasstcot  or  o.iide 
of  lead,  acetate  and  oxychloride  of  copper.  ,      n  • 

It  may  be  alleged  by  some  that  these  substances  are_  employed  in 
.  quantities  too  inconsiderable  to  prove  injiuious  ;  but  this  is  certauJy 
not  so,  for  the  quantity  used,  as  is  amply  indicated  m  many  cases  by 

eve  alone,  is  often'very  large,  and  sufficient  as  is  proved  by  nmn- 
berless  recorded  instances,  to  occasion  disease  and  even  death.  It  shoidd 
be  remembered,  too,  that  the  preparations  of  l^^' r''"^^'!- TTA?. 
arsenic,  are  what  are  termed  cWative-that  is,  they  are  hable  to  ac- 
cSate  in  the  system  little  by  little,  until  at  length  the  fi^  effects  of 
theuoisons  become  manifested.  Injm-ious  consequences  have  been  laiown 
to  iSt  from  merely  moistening  wafers  with  the  tmgue  ;  npw  the  in- 
SedSs  used  for  colouring  these  include  many  that  are  employed  m 
Kar  ^nfe  xoneJy  :  l^owmuch  more  injuriousthenmust  the  consimip- 
tion  of  sugar  thus  /ainted  prove,when  the  pigments  are  actually  received 

^^tatdeaZ  poisons,  like  the  above,  should  have  been  daily  used  for 
the  met  S;  oFimparti  colour  to  articles  of  such  geneml  consump- 
tion as  su-ar  confectionery-articles  consumed  chiefly  ^y  children, 
who  from  their  delicate  organisation  are  much  more  susceptible  than 
Tdidts-is  both  surprising  and  lamentable.  It  is  surprising,  on  the 
one  hand  that  the  manufactm-ers  of  these  articles  sljo^^d  have  been  so 
feckless  as  to  employ  them;  and,  on  the  other,  that  the  authorities 
should  have  tolerated  their  use.  a^„u»«. 

Dr  Thomson  furnished  the  Parliamentary  Committee  on  Adultera- 
tion in  1855,  with  the  following  particulars  regarding  the  adulteration 
nf  m'lcrar  confectionery  vsdth  terra  alba  or  sulphate  of  Itme :  — 

TprocS  froml  great  manufactory  of  those  substances  specimens 
at  different^rices.  There  were  about  ten  different  samples  of  which 
fwfthe  details  here ;  I  will  first  speak  of  what  are  caUed  mints,  at 

Tpotd  r^^^^^^^^  3-03  pe?  cent,  of  a  substance  which  xs 
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sold  under  the  name  of  terra  alba.  This  terra  alba  I  found  to  be 
plaster  of  Paris.  The  second  sample,  at  84s.  per  cwt.,  contained  20 '84 
per  cent,  of  terra  alba.  The  third  was  caraways,  at  5d.  a  pound  and 
contamed  27-82  of  terra  alba.  The  fom-th,  another  specimen  of'  car- 
aways, at  8d.  a  pound,  contained  19-22  per  cent,  of  terra  alba.  The 
sixth,  ahnonds,  at  lOd.  a  poimd,  contained  -96  per  cent,  of  terra  alba. 
The  seventh,  another  sample,  at  8d.  a  pound,  contained  7-02  per  cent' 
ot"  terra  alba.  The  eighth  sample,  at  8d.,  contained  22-76  of  terra 
alba_.  Easpbemes,  at  9d.  a  pound,  contained  7-76  of  terra  alba.  Sti-aw- 
bernes,  at  i)d.  a  poimd,  contained  8-28  per  cent,  of  terra  alba.' 

Mr.  Gay  states,  in  the  course  of  his  evidence  before  the  above  Com- 
mittee : — 

'  I  believe  many  articles  of  confectionery  are  adulterated  ;  I  think 
caraway  comfits  are  very  extensively  adiUterated,  and  also  many  of 
the  peppermmt  lozenges.  I  believe  the  basis  of  both  those  and  cori- 
ander and  ahuond  comfits  are  flom-;  after  the  seeds  are  put  into  the 
pan,  a  little  syrup  is  thrown  over  them,  and  that  is  dusted  over  with 
either  four  oxtohttmg,  or  plaster  of  Paris ;  a  pretty  strong  coat  is  put 
over  them  m  this  way,  and  then  they  are  finished  with  a  stronger  and 
better  syrup.  ° 

,  ,y  "sed  in  sugar  cake  ornaments  is  itself  often  extensively 

adulterated  with  sulphate  of  banjia. 

Flavouring  with  Essences. 

Further,  many  articles  of  sugar  confectionery  are  flavom-ed  with 
essences  which  are  often  of  an  injm-ious  and  even  dangerous  character, 

froT  /LiiT/''''  ^""^  ""^"^  °^  ^^^^  prepared 

The  most  important  of  these  are  ethers,  belonging  to  the  mon- 
atomic  series  as  acetate  of  ethyl,  0,H30,0,H,0  ;  \utyrate  of  ethyl, 
X&r.A  r^  pme-apples;  a  similar  compound  is  formed 

with  having  the  like  odom-  of  the  pine-apple ;  acetate  of  amyl 

W     i  ^^^WsT^lnO.    They  ai-e  aU  prepared  by  distiUing  a  mix- 
ture of  the  respective  acids  and  alcohols  with  oil  of  viti-iol 

foun?     Thf"  "^^^"^^  information  will  be 

Stei^tinrf  n7^«'«"^''  P^'T  ^iamentary  Committee  on 

Aauiteration  of  1866,  already  so  frequeutlv  referred  to 

'.ear  ditTn  J  tt'' ' '  -'''^^  "^^J^t^^t  some  of  the  JargoneUe 

Slnr  1  •^'"P''  ^'^^'^  Produced  drowsiness  and 

t  El  «^lv  fli        Y  '  w  "^P«^^^t!°"  «^  the  public  to  sell  in  this  way 
■I  Chemically  flavoured  substance  under  another  name  ' 

W  tteS/r^fT*  Vl*^  • "^7."^^  produced  from  rotten  cheese, 
.y  treatment  with  sulphuric  acid  and  bichromate  of  potash. 

oonftctinS^,V-'''°f/''*'°''''?^r^'''^        flavouring^weetmeats  and 
T/  V   '^f'  n^^'A^  ''{^'f^^^^onds,  essence  of  peach  kernels 
or  hydiide  of  benzoyl,  O.H^O.     It  is  obtained  by  distiUing  bitter 
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almond  cake  with  water,  and  it  contains  from  six  to  tweh-e  per  cent, 
of  prussic  or  hydrocyanic  acid,  OHN,  but  is  most  variable  in  its  strength. 
As  small  a  quantity  as  twenty  drops  has  been  known  to  occasion  death. 

There  is  another  compound  of  prussic  acid,  called  'ahnond  flavour ; 
it  contains  about  one  drachm  of  the  essential  oil  to  seven  drachms  of 
spirit,  but  ita  sti:ength  varies  very  much.    Many  fatal  cases  have  re- 
sulted fi-om  the  use  of  this  flavouring  substance. 

The  prussic  acid  in  these  preparations  is  not  essential  to  their 
flavour,  and  might  with  a  little  care  be  readUv  separated,  so  that  as 
Professor  Taylor  remarks  in  his  evidence  tefore  the  Parhamentary 
Committee  on  Adulteration,  'there  is  no  excuse  for  selling  prussic 
acid  in  these  compounds  but  laziness  and  ignorance. 

For  fm-ther  information  respecting  '  Artificial  Frmt  Essences,  the 
reader  is  referred  to  the  article  on  '  J ams  and  Preserves. 

Foisonous  papers  used  as  torappers  of  sm/ar  confecttonerj/.-LBmj, 
the  papers  m  which  the  ornaments  are  wrapped  are  fe^l^e.^tly 
with  various  poisonous  pigmentB-a  practice  which  ought  to  be  for- 
bidden, since  children  are  very  apt  to  put  these  papers  m  their  mouths 

^'^^rs'ome^'iher  countries,  as  France,  Belgiu^,  f  ^^^^nd 
manufactm-ers  of  sugar  confectionery  have  long  been  forbidden  to^^^^^^^ 
iniurious  colouring  ingredients  under  severe  penalties.  Sellers  ot  tnese 
aiSes  in  Paris  afe  afso  obliged  to  put  their  names  ev^y  P-^J^^^^ 
confectionery  they  sell ;  they  are  held  responsible  for  all  accidents 
wWch  may  arise  from  tU  consumption,  and  they  are  even  forbidden 
to  wrap  the  articles  in  coloured  papers. 

FoUowin'^  the  example  of  the  Council  of  Health  oi  Pans, 

List  of  Colours,  the  Lye  of  whtch 
should  be  prohibited. 


List  of  Colours,  the  Use  of  which 
may  be  permitted. 

Yellows. 

Saflron. 

Turmeric. 

French  benies. 

Lake  of  ditto,  or  yellow  lake. 

Persian  berries. 

Lake  of  ditto. 

Quercitron  bark. 

Lake  of  ditto. 

Fustic  wood. 

Lake  of  ditto. 


Yellows. 

Gamboge. 

The  three  chrome  yellows,  or 
chromates  of  lead. 

Massicot,  or  protoxide  of  lead. 

Yellow  orpiment,  or  sulphm-et  of 
arsenicum. 

King's  yellow,  or  sulphuret  of 
arsenicum,  with  lime  and  sul- 
phur. 

Iodide  of  lead. 

Sulphuret  of  antimony,  or  Naples 

yellow. 
Yellow  ochre. 
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List  of  Colom-s,  the  Use  of  %vhich 
may  be  permitted. 

Reds. 

Cocliineal. 
Lakes  of  ditto. 
Carmine  and 
Brazil  wood. 
Lakes  of  ditto. 
Pink  madder  lake. 


Madder  piu-ple. 
Logwood  and  indigo. 
Any  of  the  lakes,  with  indigo  or 
litmus. 

BlTTES. 

Indigo. 
Litmus. 


Greens. 

Sap  gfeen  (juice  of  Rhamnus  ca- 

tharticus). 
Tellow  lake,  or  French  berries, 

and  indigo. 


List  of  Colours,  the  Use  of  which 
should  be  prohibited. 

Keds. 

Red  lead,  minium,  or  red  oxide 
of  lead. 

Vermilion,  or  bisulphuret  of  mer- 
ciu-y. 

Red  orpiment,  realgar,  or  hisul- 
phm-et  of  arsenic. 

Iodide  of  mercury. 

Red  ferruginous  earths,  as  Vene- 
tian red,  &c. 

Browits. 

Vandyke  hrown. 
Umber. 

Ptjkples. 

All  piu-ples  resulting  from  the 
mixtm-e  of  any  of  the  prohibited 
reds  or  bhies. 

Blxtes. 

Prussian  blue,  or  ferrocyanide  of 

iron 
Indigo. 

Antwerp  blue,  a  preparation  of 

Prussian  blue. 
Cobalt. 

Smalt,  a  -glass  of  cobalt. 

Blue  verditer,  or  sesquicarbonate 
of  copper. 

TJlti-amarine,  a  double  silicate  of 
alumina  and  soda,  with  sulphu- 
ret  of  sodimn. 

German  or  artificial  ultramarine, 
which  resembles  in  its  compo- 
sition natural  ultramarine. 

Greens. 

The  three  false  Brunswick  greens, 
being  mixtures  of  the  chromates 
of  lead  and  indigo. 

Mineral  green,  green  verditer,  or 
subcarbonate  of  copper. 
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List  of  Colours,  the  Use  of  which 
may  he  permitted. 

Greens. 

Any  of  the  vegetaHe  yellows,  or 
lakes,  with  indigo,  _  including 
Persian  berries  and  indigo. 
Ohs.  —  Oi  the  ahove  colours 
one,  sap  green,  is  certainly  liable 
to  injurious  adulteration,  and  it  is 
stated  that  litmus  is  so  likewise. 


List  of  Colours,  the  Use  of  wJach 
should  be  prohibited. 

Greens. 

Verdigris,  or  diacetate  of  copper. 
Emerald  green,  or  arsenite  of 
copper. 

The  true  Bruns-nnck  greens,  or 

oxychlorides  of  copper. 
False  verditer,  or  subsulphate  of 
copper  and  chalk. 

The  takious  Bronze  Powders. 
Gold,  silver,  and  copper  bronzes: 
these  consist  of  alloys,  m  difler- 
ent  proportions,  of  copper  and 

zinc.  , 
White  lead,  or  carbonate  ol  lead. 

every  tint  being  imitated     ^^^^^^^X  ,n  be  ur^ed  provided  they  are 

of  which  is  not  whoUy.free  from  o^^.l^^tion-as  i^^^^^^^^^  adulteration, 
green;  the  two  latter  in  consequence  o^^^^ 
Genuine  litmus,  being  a  vegetable  c^^^^^^^^^^ 

mercurxj.  ^     ,  .  ,  sulphuretted  hvdrogen 

From  ultramarine,  in  contact  witu  an  acm,     p  readilv  in 

„erd,  from  the  ^^^^T^Ao.^i^^^■  Tbe 

ness,  but  also  from  then  use  tnrou^u  manufacturers 
excuse  of  ignorance  may  t^^Vwi^re  of  Seal  nature  of  the 
^ho.in  some  cases,  may  not  f>«^^^;%J**^'b;  their  common  or 
articles  which  they  daily  use,  knowing  them 

popular  names.  _  „,,p1v<,ps  are  really  of  a  very  serious 


COLOURED  SUGAR  CONFECTIONERY. 


259 


we  have  here  portrayed  was  even  worse.  Of  late  years,  however,  great 
improvement  has  taken  place  in  the  colouring  of  articles  of  sugar  con- 
fectionery, and  now  it  is  hy  no  means  common  to  meet  -vsdth  verdigris 
or  acetate  of  ocpper,  with  the  verditers  or  carbonates  of  copper,  or 
with  mineral  green  or  arsenate  of  copper,  all  of  which  are  virulent 
poisons. 

A  few  of  the  cases  of  poisoning  resulting  from  the  use  of  coloured 
sugar  confectionery  will  be  found  recorded  in  '  Food  and  its  AdiJ- 
terations.' 


THE  DETECTION-  OF  THE  ADTTLTEEATIONS  OF  StJGAE  CONEECTIO]SrERY. 

We  will  now  proceed  to  give  some  bnef  directions,  which  may 
prove  of  assistance  to  others  who  may  desire  to  analyse  for  themselves 
any  suspected  samples  of  coloiu-ed  confectionery.  We  shall,  however, 
confine  our  directions  chiefly  to  the  detection  of  those  substances 
which  we  have  om-selves  discovered  in  the  dift'erent  samples  subjected 
to  examination.  From  the  large  number  of  analyses  which  we  have 
made,  and  the  results  of  which  we  have  already  made  known,  the 
pigments_  detected  will  embrace  certainly  all  the  most  important  of 
those  which  are  ordinarily  employed  in  the  coloration  of  confectionery. 

Of  the  colours  used,  some  are  soluble  in  water,  and  others  in- 
soluble ;  the  former  include  nearly  all  the  vegetable  colours,  and  the 
latter  most  of  the  mineral  colours.  In  this  particular,  therefore,  there 
is  a  broad  distinction  between  vegetable  and  mineral  colourino-  mat- 
ters, which  wlU  be  found  very  useful  in  guiding  us  in  our  subsequent 
operations. 

In  the  majority  of  cases  there  is  but  one  colouring  matter  present, 
and  this  is  usually  confined  to  the  surface  of  the  various  articles  of 
confectionery,  while  in  other  cases  dift'erent  colom-s  are  used  in  the 
same  article.  When  the  colour  is  confined  to  the  surface,  it  is  readilv 
removed  by  washing  in  distilled  water,  from  which,  if  mineral  or  in- 
soluble, it  will  usually  be  precipitated  after  standing  for  some  time, 
and  it  may  then  be  obtained  in  an  almost  unmixed  state,  and  weighed! 
When  the  colour  is  diff^used  throughout  the  whole  of  the  article,  the 
same  end  can  be  accomplished  by  dissolving  it  in  water ;  the  suo-ar 
will  be  removed  by  the  water,  and  the  colouring  matter  will  subside. 
Rut  should  the  article  contain  starch,  or  any  other  insoluble  substancej 
It,  of  course,  goes  down  with  the  coloiu-ing  matter.  When  different 
colours  occur  in  the  same  article,  they  must  each  be  separately  washed 
and  tested. 

In  many  cases  a  shorter  method  of  proceeding  than  the  above  may 
be  adopted.  The  confectionery,  when  it  is  supposed  to  be  colom-ed 
with  a  fixed  metallic  salt,  may  be  incinerated  in  a  capsule,  and  the  ash 

Nearly  all  the  pigments  used  may  be  refeiTed  to  one  or  other  of 
tlie tollowmg colours :  red,  yellow,  blue, green,br(nvn,&nA.  purple;  other 

s  2 
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tints  OCCIU-,  wliick  are  formed  by  various  combinations  of  the  primary 
colom's. 

Vegetable,  Animal,  and  Mineral  Reds. 
If  the  red  or  pink  colouring  matter  be  of  a  vegetable ^iyxre,  or  in- 
deed if  it  consist  of  Coccus  cacti  or  cochineal,  this  may  be  asceitamed 
by  sim/y  immersing  a  smaU  portion  of  the  coloured  comfit  or  lozenge 
in  a  solution  of  caustic  potash,  and  another  piece  m  acetic  acid ;  if  t 
be  a  ve-etable  colom-,  or  the  animal  colouring  matter  cochineal  it  will 
become  ™lish  in  the  alkahne,  and  brilliant  red  m  the  acid  solufaon 
If  th^  coloiu-  be  not  thus  affected,  then  there  is  reason  to  suppose  that 
Yi  is  a  mSral  coloiu-ing  matter,  most  probably  either  red  lead  or  ver- 
xliUon.  Inasmuch  as  many  red  and  pink  comfits  ^J^^^^^^^jf^^^^^ 
non-metallic  coloui-ing  matter,  it  is  as  well  to  try  them  all  m  this  way 
^Tr&st  insLce,  and  so  sa;e  ourselves  the  trouble  of  analysing  each 

'''Zfn^"al'Zt-i^^  red  o.^de  of  lead  maybe  obtained  either  by 
wnshiuo-  or  bv  incinerating  the  comfits. 

If  we  desire  simply  to  ascertain  whether  the  red  pignaent  cons  st 
nf  itad  or  not  we  have  only  to  treat  it  with  a  di-op  or  so  of  nitnc  acid, 
fnd  to  adrsubTequ^^^^^^^  solution  of  sulphm-etted  hydi-ogen  •, 

ti  rSnuTSr  wSth^i  ttoiSg 

Ipad  or  not  We  may  proceed  m  the  same  way  to  detect  the  ieaa  in 
ieaci  or  nou  i    j  .    ,  pi+i,pr  -Qva-e  or  when  mixed  with 

massicot,  in  the  chromates  ot  ieaa,  eitner  piue  ui  « 
Prussian  blue  as  in  the  difterent  Brunswick  greens  only  t^at  m  tiie 
Tasnrthe  cii^omates  and  Brunswick  greens  it  is  best  to  use  hydxo- 

in  a  separate  state  by  -shing  out  the  -^f- .  ^^-^  Tde^S 
But  m  souie  cases,owiUo  possible  to  obtain  the  preparation 

weighed,  and  tl^e  l-^-J^^f^  Zch  mvist  be  guarded  against.  If 
.1   ^^":ral  wed  S^^^  of  lime,  the  lead  may  escape 

verted  into  a  sulphate :  in  this       ^^^olu^^^^  p^  ^.^^ 
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with  water,  is  to  be  treated  with  a  solution  of  ammoniacal  tartrate  of 
ammonia,  hy  which  means  the  sulphate  of  lead  is  taken  up,  and  may 
be  precipitated  by  means  of  siilphui-etted  hydrogen. 

The  himlphuret  ofviercury  or  vermilion,  after  being  obtained  in  as 
pure  a  state  as  possible  by  washing,  must  be  dissolved  in  nitro-hydro- 
chloric  acid,  and  must  be  tested  in  the  manner  described  in  the  article 
on  '  Cayenne.'  It  is  no  uncommon  thing  to  meet  with,  in  the  same  red 
pigment,  both  lead  and  mercury,  vermilion  being  very  subiect  to  adul- 
teration with  red  lead. 


Detection  of  the  Yelloto  Colours, 

The  ijellows,  like  the  reds,  may  be  either  vegetaUe  or  mineral  ■  but 
conti-ary  to  what  was  found  to  be  the  case  with  the  reds,  the  yellow 
colom-mg  matters  employed  are  for  the  most  part  mineral,  consistin-^ 
trequently  of  lemons  or  orange-chromes,  both  these  being  chromates  of 
lead,  and  sometimes  of  either  Naples  yelloio  or  massicot 

Mineral  yelloios.— Ml  the  yellows  should  therefore  be  tested  for 
lead  m  the  hrst  instance.  For  this  pm-pose  the  sm-face  of  the  comfit 
should  be  touched  with  hydrochloric  acid,  which  usuallv  destroys  the 
CO  our  at  once  if  it  be  a  salt  of  lead,  especially  a  chromate  :  afterwards 
a  drop  of  a  solution  of  sulphiu-etted  hydrogen  should  be  applied  to  the 
same  spot  as  the  acid,  when,  if  lead  be  present,  it  wiU  become  more  or 
less  black  according  to  the  quantity.  If  the  pigment  contain  lead,  in 
all  probabi  ity  it  is  one  of  the  chromates,  and  if  not  one  of  these 
massicot,  which  consists  of  the  protoxide  of  lead.  The  colour  of 
of  kad  sufficient  to  distinguish  it  from  the  chromates 

Naples  yellmo,  or  sulphuret  of  antimony,  may  be  thus  identified-— 
Dissolve  the  pigment  in  hydrochloric  acid,  add  tartaric  acid  diluted 
with  water,  treat  with  sulphuretted  hydrogen,  when,  if  antimony  is 
present  an  orange-red  precipitate  will  subside  very  different  from  4at 
ot  sulphuret  of  arsenic. 

^^^^'^^'^  '^^^^^        °ot  found  to  contain 
lead  should  be  subsequently  tested  for  yamhoye,  which  is  the  next 
pigment  most  commonly  employed  ;  and  if  it  do  not  prove  to  be  S 
then  a  portion  of  the  comfit  should  be  moistened  with  a  solution  of 
•  caustic  potash,  when,  if  it  become  decidedly  browned,  the  colZin^ 
;  matter  will  be  vegetable,  and  most  likely  tnrmlric, saffron,  Tyetl^ake 
which  IS  usually  formed  from  the  coloiu-ing  matter  of  Frendrbe  r  es 
^rown  down  by  akmnna  or  lime,  but  it  may  be  made  from  any  vege- 
-  teble  yellow;  these  vegetable  yellows  were  formerly  not  so  frequlutly 

s  yellL^h  0^''°*  ^^  ffamhoye  it  will  form,  ^vath  distilled  water,  a 
eSZ  Z  ^^11       deposit.  This 

e  emulsion  should  be  evaporated  to  dryness,  and  alcohol  added  to  the 
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residu.™ ;  the  alcol^ol  will  talce  up  t^/^^^pU^^^^^ 
added  to  the. solution,  t^^^/^^^^J.J^JiJ':^^^^^^^  be  now  added,  it 
yellow  precipitate  a  drop  or  «  ^^^Ji^i^^,  from  which  it  is  pre- 
is  redissolved,  producing  *  "lo^^/^  V^^^j^eric  rives  neai-ly  the  same 
cipitated  pale  yellow  ^y^^^;^^?«;^;;*:,  ,lZite  to^discriminate  between 
St  r  t^^^  =  -  Scided  an  emulsion  with  water 
as  gamboge. 

The  Detection  of  the  Blue  Colours. 

The  U«s  may  .^/l^"  SfS^iJ  W^^^^ 

include  litmus  and  mdu/o;  and  t'le  ^atterHT/  i^* 

tie  two  which.consist  o  c«,W^^  ^^^^^^ 

ference  between  them  ^^^J^^Jt*  j^^fS^^^^^  and  aHificial 

tingui^hed  by  its  hecomirg  red  «°  ^he  f  (i?oreZ/«J, 
pigment  is  manuiactm-ed  fr«>^,,f  ^^{f  f  of  M.  Andral,  ad- 

Ld,  when  genuine,  is  ^^^'^'^J'^^J^,     Se,  it  is  stated  that  some 
dressed  some  years  since  to  the  Pretec^  ot         ;  ^^^^^^ 

Stml^trS. TnVaSoTcoSi  itsuse  in  the  coloui-mg 
&  confectionery  ;hoj^^^^^^^^^^  ^ense  .-iolet 

Indiffo  is  sufficiently  distinguisnea  dj  concentrated 

vapours  when  heated,  by  fo™mj  a  ^olutio 

sulW^c  acid,  and  by  Its  reniaining^^^^^^^^^  ..^        p,  „ 

^M«err,Z  6Z/ie.?.-The  colour  of  ^''^  fon  of' the  caustic  alkalies, 
Uue,  is  immediately  *  J^hargd  on  tb^^  if  necessary 

the  iron  being  throAV^  down  inthesate^         colour  is  also  destroyed 

l^eighXnd  calcinated  into  P^^^^^^^  5,  rendered 

%,fi<;erp  hlue  is  Prussian  blue,  ,  ^.  some  colom- 

lighterand^iighterin  consecii^en  e  of^  ^^^^ 

le' s  material,  u^imlly  chalk    The  tests  to  ^^^^J^ 

fore  the  same  as  for  ^^^^P^^^J  tL  .Jecedin-  pigment  is  in  general 
l,eing  superadded.  ,  Jhis  and  ^^he  preced^n    p^.^^  ^^^^^^ 

rnSt  pffl-t  to  tWn  the  sSgar,  these  reagent,  at  once 
salts  of  copper  by  ^ ^  ,3^^/^ TonS^^^ 
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copper,  and  the  method  by  which  it  may  be  determined  quantitatively, 
will  be  foimd  described  imder  the  head  of  '  Pickles.' 

The  remaining  blue  pigments,  cobalt,  smalt,  and  ultramarine,  are 
distinguished  by  their  colour  being  fixed  in  the  fire,  so  that  the  ash 
of  sugar  articles  coloured  with  any  of  these  substances  is  of  a  bright 
blue,  the  tint  varying  according  to  the  blue  used,  as  M'ell  as  also  in 
consequence  of  admixtm-e  with  imcoloured  substances,  such  as  chalk, 
sulphate  of  lime,  or  pipeclay.  These  colours  are  somewhat  expensive, 
especially  the  true  ulti-amarine,  but  they  are  of  such  intensity  that  a 
little  goes  a  gi-eat  way ;  there  is,  however,  a  cheap  kind  of  ultrama- 
rine, sold  in  the  shops  as  German  or  French  ultramarine,  the  price 
being  about  sixpence  per  ounce,  and  it  is  this  blue  pigment  which 
is  chietly  employed  in  the  colom-ing  of  sugar  confectionery.  It  con- 
sists of  a  double  silicate  of  alumina  and  soda  with  sulphuretof  sodimu, 
and  it  may  be  distinguished,  when  free  from  admixtm-e  vdth  other 
substances,  by  adding  to  it  a  little  hydrochloric  acid,  and  observing 
the  odour  of  sulphm-etted  hydrogen  evolved.  This  method  of  dis- 
crimination is,  in  the  case  of  colom-ed  sugar  confectionery,  for  the  most 
part  inapplicable,  since  sulphmetted  hydrogen  is  almost  invariably 
throvra  off  whenever  hydrochloric  acid  is  added  to  the  ash  left  on  the 
incineration  of  most  articles  of  sugar  confectionery.  The  pio-ment 
ought  therefore  to  be  procured  in  a  separate  state,  by  washing,  and 
the  acid  applied  to  it  when  dry. 

The  Detection  of  the  Gi'em  Colours. 

Vegetable  greeiis. — Of  the  greens,  there  is  but  one  vegetable  green 
used — namely,  sap  grem.  This  is  prepared  from  the  green  berries 
of  the  buckthorn,  Rhamnus  catharticus ;  but  its  use  is  to  be  objected 
to  on  account  of  its  frequent  adulteration  with  green  metallic  pig- 
ments, containing  either  copper  or  arsenic,  in  order  to  heighten  its 
colour  and  render  it  more  permanent.  It  is  bleached  by  chlorine  and 
acids. 

Metallic  greens. — Of  the  metallic  greens,  some  are  simple  colours, 
while  others  are  composed  of  a  blue  and  a  yellow  mixed.  The  simple 
greens  are  acetate  of  copper  or  verdigris,  and  arsenite  of  copp&i-,  eme)-ald 
green  or  Scheele's  green. 

Acetate^  of  copper  is  distinguished  from  other  green  salts  of  copper 
by  the  action  of  sulphuric  acid  ;  the  acetic  acid  is  liberated,  and  may 
be  detected  by  its  odour. 

Arsenite^  of  copper  is  best  recognised  by  means  of  the  arsenic,  of 
which  it  is  in  part  composed :  a  portion  of  the  colouring  matter  sepa- 
rated from  the  sugar  by  washing,  when  perfectly  dry,  is  placed  in  a 
test-tube  open  at  both  ends,  the  heat  of  a  spirit-lamp  being  applied 
outside  the  tube;  this  will  cause  the  arsenic. to  sublime,  and,  con- 
densing on  the  cool  side  of  the  tube,  it  forms  a  white  substance, 
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wMch,  examined  with  a  low  power  of  the  microscope  is  ascerteined 
to  consist  of  minute  octahedral  crystals  of  arsemous  acid.   This  test  is 

""'XlZ^^^ens  ordinarily  used  are  those  commonly  sold  ^ 
Brumwick  p-eens;  they  are  the  colours  usually  employed  ^^lung 
freeHaint;  and  are  of  three  different  tints,  known  as  pale,  middle  and 
deep  Bi™ck  green.  They  consist  of  a  mixture,  in  vanous  proportions 
TlZTj  Antzoerp  blue,  but  somethnes  ultramanne,  ^nichromate  of 
lead  When  ohtaLd  i^  any  quantity  from  the  confectionery,  and 
iiLed  through  water  in  a  shaUow  dish,  the  two  colours  easily 
senarate  and  may  he  distinguished  hy  the  eye  alone, 
separate  ^       y  j^ed,  without  the  trouble  of  procuring 

them  i/a^epamte  stlte  by  washing,  by  adding  reagents  direct  to  these 
pSents  as^they  cover  the  sugar  ornament.  If  ammonia  or  potash 
Eded,  the  green  colour  disappears,  and  is  replaced  by  a  yellow ; 
Lfof  the  PrUan  blue  being  destroyed  by  the  f "^^b,  the  chromate 
oflead  comes  into  view  again;  if  the  pigment  is  ^ouM^^  hvdro 
chloric  acid  it  becomes  blue,  this  arising  from  the  solution  ot  the 
chromate  of  lead  by  the  acid.  These  are  ready  and  very  satisfactory 
tpir  Other  compound  greens  are  occasionaUy  made  by  mixing  a 
yellow  S^ment'SaUy  chronic,  with  one  or  other  of  tbe jerdite-' 
The True^Brunswick  greens  are  oxychlondes  of  copper,  but  these, 

uS  r  aZU-  D  ssolve  the  pigment  in  a  little  pure  and  dilute 
StS  S,  addSte  frS::,  ^^l:  if  a  wMt.  precipitate  ensue,  it 
consists  of  chloride  of  silver,  which  is  soluble  m  ammoma. 

The  Detection  of  the  Brown  Colours. 
They  are  distinguished  by  the  iron  contained  in  them. 

The  Detection  of  the  Purple  Colours. 
Th.  purple  colour  — s  me^^^^^^^^^^^ 

sf Is  r  ?st  t  ^^roT44r>^^^^^^ 

C  pigments^iam^-l  by  the  methods  abeady  mdicated. 

The  Detection  of  Bronze  Powders. 
Bronze  potoders  consist  of  an  alloy  of  copper  and  zinc :  jj^^ 

acid  7  7the  solution  should  be  separated  into  two  equal 
copper  and  zinc    the  so  usual  manner,  from  the  other 

L  rpu  r  sWd  be  ^^^^^^^^  nieans  of  sidphuretted  hydrogen,  and 
Z  tested  for  zinc  as  described  under  '  Vinegar.' 
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The  Detection  of  Chalk,  Plaster  of  Paris,  and  Clay. 
Ha^dng  completed  tlie  description  of  the  methods  hv  which  thfi 
nmnerous^  pigments  employed  to  colour  siig-ar  confectionery  may  he 
detected  It  now  remains  only  to  indicate  the  processes  hy  which  the 
other  suhstances,  not  pigments,  either  ascertained  to  he  used  hv 
tocotred"'  '  ^^^t^^-'^tio^  «f  s»gar  confectionery,  may  be 

The  principal  of  these  siihstances  are  various  kinds  of  starch  chalk 
hydrated  mlphate  of  Ihne,  and  white  potters^  clay,  pipe  clay,  or  CorS 

Ordinai7^J«s^e;;  o/P«m,  although  stated  to  he  employed  in  the 
mWacture  of  confectioneiy  intended  to  he  eaten,  can  scarcely  ew 
he  so,  since  when  this  is  moistened  with  water  it  quickly  hecon^es 
solid,  retaimng  its  solid  state  after  incineration;  on  tCther  hand 
hydrated  sulphate  of  lime  does  not  remain  solid,  and  4en  exposed 
to  a  red  heat  It  is  still  a  powder.  The  processes  for  the  qualitetive  and 

i^nX'SSLt^^Zr^  ''''''  '^''^-'^^        -  " 

aa/A  is  suiEciently  identified  hy  its  appearance,  hy  its  effervescing 
on  the  addition  of  an  acid,  and  hy  the  lime  throw  do^S^  fromTtf 
:  solution  by  oxalate  of  ammonia.    Alumina  is  detected  by^e  process 
:  indicated  under  the  head  of  '  Bread.'  ^  piocess 

The  Detection  of  the  Different  Kinds  of  Starch. 
The  kind  of  starch  employed  is  detected  by  means  of  the  microscone 
A  mmute  portion  of  the  sugar  should  be  plied  upon  a  slS  of  glass" 
and  a  drop  of  water  added  ;  if  the  sugar  dissolve  without  a  Jy  apS' 
ff  L'tV^'f^'l^'^'  solution  being  quite  transparent,  the  prSwni. 
113  that  no  starch  is  present,  but  if  there  be  any  residue  this  «honld  S 

IZ,^  dping  and  weighing,  incineration  must  he  resorted  to  and  tL' 
inverted  into  glucose  ^01^"  iw 
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CHAPTER  X. 
HONEY  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADOLTERATIOX. 

\dded  water  and  any  foreign  vegetable  substance,  including  cane  sugar  and 
glucose  or  any  mineral  substance. 

Hoirar  consists  of  tlie  saccharine  exudation  from  the  nectaries  of 
flowers  collected  by  bees,  and  modified  and  elaboi-ated  by  them  in  the 
crop  or  honey  bag,  which  is  an  expansion  of  the  oesophagus  and  from 
which  it  is  discharged  on  their  return  to  the  hive,  and  deposited  m  the 
various  cells  of  the  comb.  •  .     .  . 

It  consists  of  Icevulose  and  dextrose,  forming  inverted  sugar  with  an 
excess  of  dextrose,  cane  sugar,  gum,  extractive,^  little  ^oo.r,  some  vege- 
table acid,  and  much  pollen,  together  .sdth  certem  odonferom  pr^ncijd^ 
derived  for  the  most  part  from  the  plants  from  which  the  honey  is 

gathered  ^  essential  to  the  nourishment  of  the  bees  them- 

selves, siLe  it  is  the  oiy  source  of  the  nitrogen  obtainable  by  tbem  m 

The  following  are  the  results  of  the  analyses  recently  made  by  us 


Water 
Cane  sugar 
Glucoses  . 
Insoluble  matter 
Mineral  matter 


I. 

II. 

17-48 

19-56 

none 

0-94 

8-2-50 

79-48 

trace 

trace 

002 

0-02 

100-00 

100-00 

III.  IV. 

lG-88  13.63 

1-8-2  6-29 

81-00  81-04 

trace  trace 

0-30  0-04 


10000  100-00 
These  honeys  were  not  taken  from  the  comb,  and  appear  to  repre- 
sent only  the  liquid  and  uncrystallised  portion.  J4i,.„th„^ 
Honey  is  usuaUy  divisible  into  two  parts,  one  liquid  and  the  other 
solid  and  crystalline,  the  latter  consisting  m  part  of  cane  si^iN  and 
Srtly  of  -ranular  masses  formed  of  needlelike  ci-ystals  of  dextoo  e 
K  Voportion  of  solid  sugar  is  the  greatest  in  old  honey,  but  tbe 
ine  propoiuu  is^  largest  in  new  honey,  smce  it  becomes 

Sual  convert  b^^^^^^^  inverted  sugar.    The  honey  fur- 

Sshed  by  a  species  li  Js^^rolgbia  f^'^J,^!;  C.ntm 

America,  jaeMs  cane  sugar  in  large  crystals,  according  to  Carsten ,  out 
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there  is  nothing  singular  in  this  fact,  since  that  furnished  hy  the  houey- 
hee  very  commonly  contains,  as  represented  by  the  author  many  years 
since,  well-delined  ci-ystals  having  the  form  of  cane  sugar,  and  which 
are  well  shown  in  figm-es  69  and  70. 

The  fluid  portion  contains,  besides  Isevulose,  inverted  sugar  and  some 
cane  sugar,  the  colom-ing  and  the  odoriferous  substances  of  the  honey. 
The  honey  which  flows  spontaneously  out  of  the  comb  on  the  applica- 
tion of  a  gentle  heat  consists  mostly  of  the  fluid  portion,  and  is  called 
virgin  honey,  while  ordinary  honey  is  procui'ed  both  by  pressiu-e  and 
heat.  The  first  honey  collected  by  bees  is  also  sometimes  called  virgin 
honey.  This  description  of  honey  is  considered  the  best,  is  of  a  pale 
colour,  granular  textm'e,  and  possesses  a  fragrant  smell,  while  the 
common  honey  obtained  from  the  older  cells  is  darker  coloured,  thicker, 
and  does  not  possess  so  agreeable  a  smell. 

By  pressm-e  in  a  linen  bag  the  fluid  and  liquid  portions  may  be 
separated  from  each  other,  a  clear  sjTupy  substance  passing-  thi-ough  the 
linen,  and  the  white  solid  sug'ar  remaining  behind. 

To  the  various  foreign  substances  contained  in  it,  including  especially 
poUen,  the  flifterent  colours,  flavours,  and  odom-s  possessed  by  the 
honey  of  diiierent  coimtries  and  districts  are  owing,  and  the  possession 
of  which,  in  some  cases,  causes  it  to  be  so  highly  prized.  '  Hence  the 
estimation  in  which  the  honey  of  Moimt  Ida,  in  Crete,  has  been 
always  held.  Hence  also  the  perfimie  of  Narbonne  honey,  of  the 
honey  of  Ohamoimy,  and  of  our  own  high  moorland  honey,  when  the 
heather  is  in  the  bloom.  Sometimes  these  foreign  substances  possess 
narcotic  or  other  dangerous  qualities,  as  is  the  case  with  the  Trebizond 
honey,  which  causes  headache,  vomiting,  and  even  a  Idnd  of  intoxi- 
cation, in  those  who  eat  it.  This  quality  is  derived  from  the  flowers 
of  a  species  of  rhododendi'on.  Azalea  po7itica,  from  which  the  honey  is 
partly  extracted.  It  was  probably  this  kind  of  honey  which  poisoned 
the  soldiers  of  Xenophon,  as  described  by  him  in  the  Eetreat  of  the 
Ten  Thousand.' — Johnston. 

The  following  is  Xenophon's  description : — '  And  there  were  there, 
in  a  village  near  Trebizond,  a  munber  of  bee-hivea,  and  as  many  of  the 
soldiers  as  ate  of  the  honey-comb  became  senseless,  and  were  seized 
with  vomiting  and  diarrhoea,  and  not  one  of  them  could  stand  erect. 
Those  who  had  swallowed  but  little  looked  very  like  drunk  men,  those 
who  ate  much  were  like  mad  men,  and  some  lay  as  if  they  were  dying. 
And  thus  they  lay  in  such  numbers  as  on  a  field  of  battle  after 
a  defeat.  And  the  consternation  was  great.  Yet  no  one  was  found  to 
have  died;  all  recovered  their  senses  about  the  same  hour  on  the 
following  day.  And  on  the  third  or  foui-th  day  thereafter,  they  rose 
up  as  if  they  had  suffered  from  the  drinldng  of  poison.' 

Tlie  solid  part  of  honey,  examined  imder  the  microscope,  is  seen  to 
consist  of  myriads  of  regularly-formed  crystals  ;  these  crystals  are  for 
the  most  part  exceedingly  thin  and  transparent,  veiy  brittle,  so  that 
many  of  them  are  broken  and  imperfect ;  but  when  entire  they  con- 
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Bist  of  six-sided  prisms,  apparently  identical  in  form  with  those  of  cane 
sugar.  We  see  no  other  conclusions  to  come  to  however,  but  that  they 
really  represent  the  crystals  of  dextrose,  seeing  that  they  occur  in 

Fig.  69. 


Crystals  of  Honey,  intemixed -ndth  the  pollen  granules  of  the  flowers  from 
l^rysiais  oi^^^^^       ^^^^^       gathered.   Magnified  225  diameters. 

honeys  from  which  cane  sugar  is  absent  or  nearly  so.  These  crystals 
are,  so  far  as  oiu-  observations  go,  always  present  in  honey,  and  they 
are  usually  the  only  kind  met  with. 

Intermingled  with  the  crystals  may  also  be  seen  pollen  granules  ot 
different  forms,  sizes,  and  structure ;  these  are  in  such  perfect  con- 
dition, that  in  many  cases  they  may  be  referred  to  t^e  Plants  from 
which  the  honey  has  been  procm-ed.  This  is  a  very  interesting  and 
beautiful  fact  in  relation  to  honey.    The  bees,  in  collecting  the  honey 
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from  the  flowers,  carry  away  with  them  also  some  of  the  pollen  of 
those_  flowers ;  now  this  poUen  consists  of  complex  utricles  or  ceUs 
diflenng  m  size,  shape,  and  organisation  in  difierent  orders  of  plants' 


Fig.  70. 


'thtll?^T^^  P^^f fj^''^  acquainted  with  the 

t^Tl^V  ^"^""^^^  P^''^'^*^  ^^11  ^«  «°^bled  in  many 

Slminnffn  ^ny  particular  honey  submitted  to  his 

wheZr  fv^  'ft  from  flowers  of  foreign  or  native  gi-owth, 

whether  from  those  of  the  field,  the  garden,  the  heath,  or  the  moun- 


270  HONEY  AND  ITS  ADULTERATIONS. 

It  has  occvirred  to  the  author  to  mate  another  highly  interesting 
observation  in  connection  with  honey,  showing  an  a  very  striking 
mSnef  re  amazing  industry  manifested  hy  bees  m  the  collection  of 
honey  In  examining  the  blossoms  of  our  native  heaths  now  unfor- 
Safely  many  years  since,  and  long  before  the  first  edition  of 
SlteraS  Detected'  was  published,  we  were  surppfed  to  observe 
that  theie  was  scarcely  0  anived  at  maturity  that  did  not 

Sbit  nsSly  on  the  upper  siuface  of  the  corolla  one  or  more  dark 
snots  occasioned  by  perforations.  The  conjecture  at  once  occurred  to 
S  that  the  e  perforations  were  made  by  the  bees  in  their  search  for 
Sney  aid  in  o?der  to  facilitate  its  abstraction  from  the  tubular-shaped 
flnSs  It  was  not  long  before  the  coiTectness  of  this  conjecture 
flowers.    J-^  yas  „         ^-^j^ting  on  the  flowers,  ahnost  con- 

mySTblossoms  In'^some  miles  of  heath,  there  was  s^rcely  one 
myiidub  ,  n  not  been  perforated.  . 

'"Tvei  y  Id  way  ol  obtaining  the  pollen  of  honey  for  microscopic* 
THE  ANALTSIS  OF  HONET. 

'''lLe':r?e"SXwhich  .ve  p,ac«c.%  required  are  fto  J 
*'CL'ihoS'to  t  pursued  iu  tie  determinatiou  of  fte  c,ue  aud 

JusSuo  estimate  the  amount  of  moisture  present  by  diflerence. 
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bees'  wax. 

In  connection  with  the  subject  of  honey  it  will  he  of  interest  and 
utility  to  make  a  few  ohservations  on  another  product  of  the  bees— 
namely,  bees'  wax. 

It  was  first  demonstrated  by  the  experiments  of  John  Hunter  and 
M.  Huber  that  wax  is  the  product  of  the  secretion  of  a  special  or^an 
situated  on  the  sides  of  the  abdomen  of  the  bee.  '  On  raisiuo-  the  lower 
segments  of  the  abdomen  these  sacs  may  be  obsei-ved,  as  also  scales  or 
spangles  of  wax  arranged  in  pairs  upon  each  segment.  There  are  none 
however,  under  the  rings  of  the  males  and  the  queen.  Each  individual 
has  only  eight  wax  sacs  or  pouches,  for  the  first  and  the  last  rin^^  are 
not_  provided  with  them,  H.  Huber  satisfied  himself  by  precise"  ex- 
perunents  that  bees,  though  fed  with  honey  or  sugar  alone,  produce 
nevertheless,  a  very  considerable  quantity  of  wax,  thus  proving  that 
they  were  not  mere  collectors  of  this  substance  from  the  ve^table 
Kingdom.' — JJre.  ° 

.    ^^'f  ^.  yi*^  ^ery  commonly  in  the  vegetable  kingdom.  It 

IS  contamed  m  the  poUen  of  most  flowers,  in  the  fjBCuk  of  manv 
plants,  as  the  cabbage,  and  it  forms  a  varnish  on  the  upper  surface  Jf 
the  leaves  of  manv  trees.  It  has  been  obsei-ved  especiaUv  in  the  iuice 
ot  the  cmc  tree,  while  the  berries  of  several  species  of  MynccB  afford 
much  wax.  j  ^ 

Some  of  the  principal  varieties  of  wax  met  with  are  the  Carnauha 
n-ax  ot  Brazil,  the  produce  of  Copei-nicia  cerifera  ;  cork  wax  or  cmw  • 
pine  wax  ox  cerojnc  acid;  sugar-cane  wax  ov  cerosin:  myrtle  tvar  or 
mpnca  tallow  ■  ocuba  wax  and  palm  ivax;  C/nnese  wax  or  pela,  called 
vegetable  insect  wax,  because  it  is  produced  by  the  pimctm-e  of  a  species 
ot  coccus;  co?(;-^ree  wax,  Cuba  wax;  Japan  wax,  from  the  root  of  the 
Mv^  mccedcmea ;  and,  lastly,  p,-opolis  or  stop  wax,  used  by  bees  to  mend 
the  cracks  in  their  combs. 

Bees'  wax  in  its  unpm-ified  condition  is  of  a  yeUow  colom-  and  has 
the  smeU  of  honey,  the  colour  and  smell  both  being  derived  from  the 

-  -^^^^  '^-y  been  dep^o^iSd 

Wax  IS  freed  from  its  impurities  by  melting  it  in  hot  water  or  steam 
al  owing  the  impurities  to  subside,  running  off"  the  clear  supernatant 
oily  hquid  into  oblong  troughs  fm-nished  T^th  a  series  of  holes  at  the 
bottom,  through  which  the  liquid  nms  out,  falling  upon  wooden 

S'i   '.I     w  ^'""^  P^^-^^'-^^y  in  cold  wateT  The 

ribbons  thus  obtained  are  spread  out  upon  canvas,  and  then  Weached  bv 

STiL'e  ?o         "it  Tf  and  waterS 

A  ^^^^^       obtain  wax  of  the  <rreatest  nuritv 

itrll  WT'  1  Frr^^  ''^^^'^  ^^"^'^^  operations  be  rep'eaa 
r;uriSono?waT"'~  °'  tartar  and  alum  are  emp  Jyed  in 
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The  wax  when  bleached  is  melted,  strained  through  silk  sieves,  and 
moulded  into  thin  disk-like  pieces,  weighing  from  two  to  three  ounces 
each.  Thus  purified  it  is  white  and  transparent,  without  taste  or 
smell.  It  has  a  specific  gravity  from  0-96  to  0-966 ;  it  softens  at  30  0., 
becoming  plastic,  so  that  it  may  be  moulded  by  the  hand,  but  it  does 
not  liquefy  uutU  68°  0.,  while  at  0°  0.  it  is  hard  and  brittle. 

On  the  composition  of  w«.r.-The  term  wax  was  onginaUy  applied 
only  to  the  product  secreted  by  bees;  it  is  now,  liowever,  made  to  include 
a  number  ot"  bodies  of  similar  character,  derived  from  both  the  vegetable 
and  animal  kingdoms,  and  the  principal  of  which  we  have  already 
referred  to.  They  are  compounds  of  the  higher  members  of  the  tatty 
acids  partly  in  the  free  state,  partly  combined  with  alcohol  radicals, 
S  thev  do\ot  contain  glycerine  like  the  fats.  Wax  is  a  tnixture  of 
three  different  substances:  niy>-icin,  insoluble  in  boihng  alcohol  and 
consisting  of  palmitate  of  myricin;  cerotic  acid,  formerly  caUed  cerin, 
soluble  in  boiling  alcohol  and  ciystallising  on  cooling;  and  cerolein, 
which  remains  dissolved  in  the  cold  alcoholic  liquid. 

Thev  are  but  little  soluble  in  alcohol  and  sometimes  quite  insoluble  ; 
soluble  in  ether,  in  oils  fixed  and  volatile,  chloroform  and  sulphide  of 
carbon;  they  burn  with  a  bright  flame  when  in  the  air  and 

are  with  difficulty  saponified  hj  boiling  with  potash,  but  more  easily 
bv  fusion  with  the  solid  aUrali.  ,  r 

^  Bleached  wax  contains,  according  to  Lewy,  82-2  per  cent,  of  carbon, 
13-4  hydrogen,  and  6-4  of  oxygen.  It  is  decomposed  by  dry  distilla- 
tion, givini  off  water,  acetic  acid,  propionic  acid  and  then  a  substauce 
called  Avax  butter,  it  forming  on  cooling  a  white  butter-like  mass, 
afterwards  a  liquid,  caUed  wax  oil,  passes  over,  a  carbonaceous  residue 
finally  remaining. 

THE  ABTrLTEBATIOITS  OP  KOKEY  AlO)  WAX. 
•    The  more  usual  adulterations  of  honey  are  with  various  forms  of 
.Wrrthose  of  the  potato  and  reheat,  and  with  starch  and  cane 

*"^oJher  adulterations  mentioned  by  Mitchell  and  Normandy  are  with 
chalk,  hydrated  sulphate  of  lime  and  pipe  clay.  _ 

The  starch  is  not  only  added  for  the  sake  of  weight  and  bulk,  but 
to  improvTtt  colour  of  very  dark  honey,  and  to  correct  a  sharp  and 
acidulous  taste  which  old  honey  is  apt  to  acquire. 

The  adulterations  of  wa.r.-W^^  is  stated  to  be  sometimes  adul- 
terated with  starch,  as  also  with  animal  fats,  as  mutton  suet. 

THE  DETECTION  OF  THE  ADULTEKATI0N8  OF  HONET. 

Of  the  adulterations  practised  upon  honey,  some  are  very  ea^y  of 
detection,  and  others  difficult,  if  not  impossible. 

The  general  method  of  proceeding  in  the  examination  of  honey, 
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with  a  Yiew  to  discover  whether  it  is  adulterated  or  not,  is  as 
follows : — 

A  little  of  the  honey  is  to  be  examined  under  the  microscope,  when 
if  it  contain  unboiled  starch,  the  granules  will  be  visible,  and  may  be 


Fig.  71. 


Sonev  adulterated  with  Caxb  Sugab.   The  thick  irregular  crystals  are  those  of 
sugar.   Magnified  200  diameters. 


identified  by  the  characters  which  they  present.  If  none  are  to  be 
seen,  a  small  quantity  of  tincture  of  iodine  is  to  be  added,  which  will 
show  whether  starch  is  present  or  not  in  any  form. 

The  starch,  as  well  as  any  insoluble  and  inorganic  material  which 
may  be  present,  may  also  be  discovered  by  dissolving  a  portion  of  the 

T 
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toe,  in  ™rm  wter,  wto  a  f^foi^T^^^^  Sro 

of  iWganio  matter  m  ^omj,  ?ofting  more  i^^^^^ 

cases  tto  to  collect,  dvy  and  weigh  *"»»'J'^Si^i"l.t  ot  the  ash. 

-o*ar::itrcri&Tthea«i«on^^^^^^^^^^ 

it  is  stated  ^^J^l,-^^^"Z^iL'iSj^^'£''?:X  very'  good 
not  apply  to  honey,  loi  it  ^^^"^  Decoi|ie8  ,  ^ 

=eSL»:s«Scta&Wing  ^r^cnlarly 

''"There  are.howe.er.fonr  -ys  in^hmres»ce^^^^^ 

'>°«^ifwTh"SCd1spSly^  0* 

microscope,  llie  tirst  is  oy  tne  «  ,  ggge^^allv  the  same  as  those  of 
the  crys^ls  of  si^r  5  their  f  ''Tmer  lorn  the  crystals  proper 
honey.  The  crystals  of  added  cane  su^^^^^  ^^^^ 

l^-esfth?  a^^e!  ^  a^'I^Cnt  W  iinid  ^rt  ot  the  honey, 
presence  of  the  .sugar  jSuf  Sepid  from  it,  or  by 
n^&mSlfschem^^^^^^ 

cane  into  grape  ite  ^u^^^  ^.deed, 

the  usual  manner.     It  the  q^^^^^  -^ut  we  must  speak  on 

we  may  infer  that  cane  ^^^J  ^^4!"^^^  X  ^^^^  estimations 
this  pmnt  mth  some  '^^s^'^^'^^'^^fLa^lLally  present  in  honey 
hitherto  made  of  the  amounte  of  cane  jgar  ^^  JJ^^  ,  this 
are  the  four  hy  ourselves,  and  insertea  m  in  i> 

-fesi^Sristih^^^^^^^^^^ 

Bcarcely  possible  in  many  ca«c8  to  detect,  'B  tnat  oy  j 

Z  po's^sses  the  '^^"^^^^^Z^^StC.^i^^i.  and  as 

tt  |';r  o^&-'^-  -Siiaed  withWh,  the  presenc. 
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of  notable  qiiantities  of  sulphate  of  lime  affords  strong  evidence  of 


THE  DETECTION  OF  THE  ADTTXTERATION-S  OE  WAX. 

The  only  two  adulterations  whicli  have  teen  described  are  with 
.5te/-cA  and  animal  fats,  as  mutton  suet.  The  first  will  be  detectedbv 
an  examinataon  with  the  microscope  of  the  residue  left  after  the  ex- 
haustion of  the  wax  with  ether,  while  the  presence  of  most  foreign  fats 
will  be  readily  discriminated  by  ascertaining  the  melting  point  fn  the 
manner  fully  described  in  the  article  on  '  Butter  '  ^  ' 


T  2 
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CHAPTER  XI. 
FLOUR  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Anv  other  added  farina  than  that  indicated  bv  the  name  under  which  it  is 
Anj  otner  aau^  _  ^^^^  ^^^^^  ^^^^^  ^.^^^^  substance. 

The  term  flour  maybe  applied  to  tte  meal  or  powder  obtained  by 
tlTgi^i  of  almost  any  species  of  grain  or  seed,  but  we  sbaU  toat 
•  +£^vrPT,t  article  cbiefly  of  tbose  descriptions  of  gram  and  flour 
wb^cbrmost'SteS  country  as  articles  of  diet,  a.  .keat,  rye, 

nsrrs'fl'trSnsists  of  mtro^eno^,  --^irSy 

^r^^TcLliJ phospl^^  and  sUkates,  especiaUy  phosphate  and 

'''"wV^bluteat  of  eacb  of  tbe  flom-a  above  enumerated  under 
separate  beadings,  and  first  of 


WHEAT  PLOTTK. 


Tbere  are  several  distinct  specias  of  wbeat:  tbat  ^J^^^^^^ 
cultWated  in  tbis  countxy  is  tbe  TnUcum  vulgare^  of  f^l^^'^^  ^^ 
oiuLivcvL_  ^.thnim  or  summer  wbeat:  and  1.  nyoemum,  ui 

?lTe  de~n  o't  wUci  iUs,  iowe^er,  not  Becessar,  to  entex  on  - 
'''l^:~^r.  a,  «  ^  ftem^t,  and  .  supplied 
^'^rSrotPfl  XC-'w^i^  is  separated  and 

*wbeatswbicb  are  bard  tbe  integuments  separate witb  difficulty, 
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and  therefore  the  flour  produced  from  these  usually  contaius  a 
gi'eater  propoi-tion  of  adherent  bran  than  do  those  flours  procured 
from  wheats  which  are  soft,  and  which  part  with  their  epidermic 
coverings  more  readily. 

According  to  Mr.  Hard,  a  miller  of  Dartford,  in  Kent,  the  follow- 
ing are  the  products,  with  the  quantities  obtained,  of  one  quarter,  or 
eight  bushels  of  ground  wheat : — 

'  Produce  of  One  Quarter  of  Wheat,  weighing  504  lbs. 

^•"'^•f    •  «   •  lbs. 

Jtsiscuit,  or  fine  miacUrngs  \q 

Toppings,  or  specks   S  " 

Best  pollard,  Turkey  pollaid,  or  twenty-penny    .'             .*  15  " 

FinepoUard   18  " 

Bran  and  coarse  poUard  '      '  50  " 

Loss  sustained  by  evaporation,  and  vraste  in  grinding!  " 

dressing,  &c.         .      .  •   11  , 

504  lbs.' 

COHPOSITIOM-  OF  WHEAT  FLOUR. 

_We  have  ah-eady  enumerated  all  the  more  important  constituents 
which  enter  mto  the  composition  of  the  grain  of  wheat,  and  of  the  flour 
made  there&om.    The  grain  of  wheat  difiers  from  that  of  the  other 
cereals  principally  m  the  peculiar  physical  characters  possessed  by  its 
chief  mti-ogenous  constituents,  and  especially  glutin,  or  gliadin;  crude 
gluten  being  a  mixture  of  this  with  fibrin,  and  possessing,  as  wiU  be 
seen  hereafter,  m  the  moist  state,  strongly  adhesive  properties.  These 
are  found  to  be  practically  of  great  value  in  bread-making,  causing  the 
dough  to  retam  more  strongly  the  carbonic  acid  evolved  dui-ing  fer- 
mentation, whereby  the  bread  is  rendered  porous  and  Ught :  and  this  is 
one  of  the  chief  reasons  why  the  flour  of  wheat  is  preferred  for  bread- 
making  to  that  of  aU  other  grains.    We  shaU  now  describe  in  detaH 
ail  the  more  important,  and  especiaJly  the  niti-ogenous,  constituents 
of  wheat  flour.  _  The  particulars  which  will  be  given  relative  to 
these  wiU  apply  m  great  part  to  the  other  cereals. 

Crude  ffluten.~GTude  gluten,  as  shown  below,  consists  of  several 
substances,  and  hence  its  properties  partake  to  some  extent  of  the 
characters  of  its  constituents.  ^  Although  water  exerts  such  an 
ellect  upon  it  in  rendering  it  adhesive  and  tenacious,  yet  it  is  entirely 
insoluble  m  that  menstruum.  When  freed  from  moistiu-e  it  Is  taste- 
less, more  or  less  transparent,  and  shiny.    It  is  soluble  in  caustic 

1  AccorcUng  to  Von  Bibra  it  has  the  foUowmg  composition  :— 

1234 
Fibrin      .      .      70-95      71-55      69-40  70-48 
Glutin      .      .       14-40      16-00       17-57  16-9-2 
Casein      .      .        8-80        6-53        7-30  6-33 
Fat   .      .      .        5-85        6-92        5-73  6-27 
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'^''rH'.tin  is  soluWe  in  dilute  alcohol  of  from  40  to  80  per  cent  Ml 

or  brownish  precipitate,     ^^^^.^/^Jf  l  ' colour,  in  hydrochloric 

addition  of  water,    it  is  entirely  soi^"^^  .     ,     soluhle  in  the 

but  only  partiaUy  so  in  P^o«P^?"«       .  ^^^i^i^^^^^^^^  afford 

bi  ^^^^^^^  "C'^Ma  aft^.  .a«- 
""StEng  Tst'e  comK-sition  of  pure  glutin,  acco*«  to 

Bittliausen : — 


Carbon 
Hydrogen 
Nitrogen  . 
Oxygen 
Sulphur 
Ash 


52-49 
6-97 
18-02 
21-41 
0-85 
0-26 


u  the  albuminous  substances  entering  into  the 

It  would  appear  that  t^e  uearlv  the  same  percentage 

residue,  treated  -"^l^^^^ZTilvti  »Mci  tas  nearly  tta  same 
r;X"gSi„'::nd:SSr6«3.ergregardsa.  ..e  true 

glutm,  or  vegetable  gelatin. 
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'  Fih-in. — This  is  tlie  portion  of  crude  glutin  of  wheat  and  other 
cereals  which  is  insoluble  in  alcohol.  In  its  moist  state  it  forms 
a  greyish- white  elastic  mass,  but  when  dry  a  horny  substance,  which 
recoTers  its  former  characters  by  maceration  in  cold  water.  It  is 
soluble  in  acetic,  hydrochloric,  and  phosphoric  acids;  also  in  the 
alkalies,  including  ammonia,  and  is  precipitated  from  these  solu- 
tions on  neutralisation.  Acording  to  Scherer,  fibrin  contains  15-8 
per  cent,  of  nitrogen.  Later  analyses  correspond  in  the  main  with  the 
foregoing,  but  in  three  analyses  made  by  Dumas  and  Oahours  the 
nitrogen  varied  as  follows : — 15-8, 16-0,  and  16-4. 

It  undergoes  gradual  alteration  in  contact  with  moisture,  is  trans- 
formed dm-ing  germination,  giving  rise  in  the  case  of  wheat  and  other 
cereals  to  the  formation  of  diastase. 

Cirwem,— frequently  called  legumin,  is  found  abundantly  in  the  seeds 
of  the  leguminosse,  and  in  small  amount  in  wheat  and  other  cereals. 
When  dried  from  its  alcoholic  solution  it  is  of  a  greyish-white  colour 
and  readily  reducible  to  the  state  of  powder.    It  is  soluble  in  boiling' 
alcohol  and  in  cold  dUute  acetic  acid,  but  it  becomes  insoluble  under 
certain  circumstances,  as  when  precipitated  by  ammonia  from  its  solu- 
tion in  acetic  acid,  when  boiled  for  a  short  time  with  water,  or  even 
when  left  in  contact  with  it  or  with  dilute  alcohol. 
_     Albumen. — The  albumen  deposited  by  heat  from  vegetable  solutions 
IS  usually  in  the  crude  state,  and  is  contaminated  by  colouring  matter 
and  other  substances.    For  its  purification  the  precipitate  must  be 
washed  with  water,  and  then  with  boiling  alcohol  and  ether.  Its 
solution  coagulates  at  from  61°  to  63°  0.,  and  at  a  little  hioher'  tem- 
perature IS  converted  into  a  solid  mass.    If  the  solution  is  very  dilute 
the  albumen  is  deposited  in  flocculi.    Albumen  thus  coagulated  is 
white,  opaque,  and  elastic ;  when  dried  it  is  of  a  yeUow  colour  brittle 
and  translucent.    After  having  been  dried,  it  absorbs  water  when 
immersed  in  it,  and  assumes  its  original  characters,  and  if  dried  at  a 
temperature  below  the  point  of  coagulation,  it  likewise  re-acquires  its 
solubility  to  any  extent  in  water. 

It  is  insoluble  in  alcohol  and  ether,  and  hence  it  is  precipitated  bv 
strong  alcohol  added  to  its  aqueous  solution,  the  precipitate,  if  the 
alcohol  IS  added  in  smaU  quantity,  being  soluble  in  water.  When 
;  ah^ohol  is  added  to  a  somewhat  dilute  solution  of  albumen,  the  liquid 
:  after  a  while  forms  a  gelatinous  mass,  which  is  liquefied  by  heat 
<  Coagulated  albumen  may  be  made  to  dissolve  in  alcohol  by  the  addi- 
'  tion  of  an  alkaU.   Nearly  aU  acids  precipitate  albumen  from  its 
solution,  especiaUy  nitric  acid.    Strong  nitric  acid  with  heat  dissolves 
coagulated  albumen,  forming  a  blue  or  violet  solution.    Tribasic  phos- 
pnonc  acid,  acetic,  tartaric,  and  most  other  organic  acids,  do  not  form 
precipitates  m  moderately  concentrated  solutions,  but  when  added  to 
mghly  concentrated  solutions  the  liquid  solidifies  to  a  iellv,  which 
becomes  liquid  like  gelatine  when  heated.    In  solutions  of  albUen  to 
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Which  common  salt  has  been  added,  the  alhumen  is  Fecipitahle  by 
phosphoric,  acetic,  and  other  acids,  or  the  albumen  may  >e  precipitated 
Cm  the  sUe  acid  solutions  by  means  of  salt,  the  precipitation  being 

'"^M^iL^s"^^^  of  alkalies,  but  a  s^ong  «3lu- 

tionofTtash,  added  in  considerable  quantity  to  a  solution  of  albmnen 
forL  a  gelatinous  mass.    Alkaline  carbonates  preyent  ite  coagulation 

Ittas  the  same  atomic  composition  as  the  other  albmninoidB,  and 
conteint  accordingto  the  best 'authorities,  l^'S  per  cent,  of  m^^^^^ 

Cerealm.-K  nitrogenous  substance  approxunating  closely  in  its 
properties  to  diastase.  It  is  contained  in  the  membrane  inimedmtely 
Soimding  the  seed,  caUed  epispermimn.  It  h^  the  P-IJ^^ ^^^'J'^; 
vertin-^  starch  into  dextrin,  sugar,  and  lactic  acid. 
ISkfely  exemplified  by  adding  an  infusion  of  bmn  to  a  thick  decoc- 
£n  of  starch  which  is  quickly  transformed  as  descnbed  above,  the 
decoclnlt^ng  thi^^  sweet,  when  keptat  a  temperature 

%Tot?Iin  ce?eaHn  in  a  separate  state,  bran  is  treated  with  repeated 
ouantities  of  dilute  alcohol,  it  being  pressed  after  each  addition  of 
thrspitit  In  this  manner  the  whofe  of  the  sugar  and  dextim  a^e 
emJed  -the  cerealin  being  left  behind.  The  bran  .s  ™^^^^ 
wHh  water  •  this  dissolves  out  the  cerealm,  and  the  aqueous  som 
I^^nSn  ' 'evaporated  at  40°  0.,  the  ceimlin  is  obtamed  in  a  pure 
sSe,  S  being  s'oluble  in  water,  but  insoluble  in  alcohol  ^nd  ether 

A  cinlution  containing  cerealm  coagulates  at  (b  t^-,  ana  is  piecipi 
tated  on  Se  addTtion  and  by  dilute  acids.    Alkalies  prevent 

Us  action^  stScr  0^  coagulated  it  is  no  longer  soluble  m  acids  and 
aMes  bTit  is  stiU  capable  of  slowly  acting  upon  sterch.  Up  to  a 
tmneratmSS  70°  0.  it  retains  its  power  of  ti-ansforming  starch,  but 
SeyoS  that  temperature,  whereas  diastase  renins  its  power  up  to 

^^"S  would  appear  from  the  investigation  of  Mouries  that  bran  con- 

Ito  pfri V'tiJS,  is  more  a.«ve  to  «reaUn  itself,  »d  pos^^Bsee  the 

■nower  of  decomposing  starch  even  at  iUU  , 
^    Starch -T)xB  only  other  constituent  of  flour  which  it  will  be 

.""^Mowing  amiyse,  e::l.ibit  the  preeise  percentage  eompositioB 
of  different  descriptions  of  wheat  and  wheat  flour :— 
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Wheat  Flour. 


French. 

Odessa 
(Hard). 

Odessa 
(Soft). 

Paris 
Flour. 

Irjferior 
Flour. 

Starch  . 
Gluten 
Sugar  . 
Gum  . 
Bran  . 
Water  . 

71-49 
10-96 
4-72 
3-82 

10-00 

56-5 
14-55 
8-48 
4-90 
2-30 
12-00 

62-00 
12-00 
7-56 
5-80 
1-20 
10-00 

72-8 
10-2 
4-2 
2-8 

10-0 

67-78 
9-02 
4-80 
4-60 

12-00 

Dumas. 


Wheat  Flour. 


Water 

Gluten 

Starch 

Sugar 

Dextrin 


10-00 
10-96 
71-49 
4-72 
3-32 

100-49 


Odessa  Flour  (Flinty). 


Odessa  Flour  (Soft). 


Water 

Gluten 

Starch 

Sugar 

Dextrin 

Bran  . 


12-00 
14-55 
56-50 
8-48 
4-90 
2-30 

98-73 


Water 

Gluten 

Starch 

Sugar 

Dextrin 

Bran 


10-00 
12-00 
6200 
7-36 
5-81 
1-29 

98-46 


R'to  f??7  per'L't,  Spo'S*  fo-a°an  avenge  of  M-4  per 
cent,  of  gluten  in  dried  wheat. 

Wheat  Bran. 


Gluten  . 
Albumen 
Starch  . 
Sugar  . 
Gum 
Fat 

Water  . 
Ligneous  matter 
Chloride  of  potassium 
Sulphate  of  potash 
Phosphate  of  magnesia 
Carbonate  of  lime 
Silica  . 


Flirstenburg.  Poggiale. 

.  10-84-) 

13-0 

.     1-60  J 

.  22-66 

21-7 

1-9 

5-28 

7-9 

.  2-82 

2-9 

.  10-30 

12-7 

.  43-98 

34-6 

.  0-23\ 

0-24 

.  0-93 

5-5 

.  0-37 

.  0-75 

100-00 

100-2 

Some  idea  may  be  formed  from  an  examination  of  the  above 
1  r«  nf  the  ^eat  value  of  wheat  flour  as  an  article  of  diet.  Like 
rifft  ^nSinf  aS  Se  elements  necessary  to  the  growth  and  sus- 
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tenance  of  the  animal  body,  nitrogenous,  non-nitrogenous,  and  mineral. 
It  is,  in  fact,  tlie  type  of  a  perfect  food,  and  well  deserves  the  appella- 
tion which  has  been  bestowed  upon  it  of  the  '  staff  of  life.' 
_    The  analyses  of  bran  given  above  are  particularly  interesting  and 
important,  for  they  show  that  bran  contains  really  some  of  the  most 
valuable  constituents  of  the  grain.    It  contains  a  large  amount  of 
nitrogenous  matter,  including  the  very  important  principle  cerealin 
the  properties  of  which  we  have  already  described,  as  also  much  oily 
matter.   By  sifting  out  the  bran,  therefore,  we  render  the  meal  much 
less  nutritious ;  this  will  be  more  apparent  when  we  state  that  the  bran 
rarely  forms  less  than  one-foiu-th,  and  is  often  considerably  more  of 
the  whole  weight  of  the  grain.    It  is  of  importance  that  this  fact 
should  be  generaUy  known,  as  the  knowledge  of  it  may  serve  in  some 
degree  to  correct  the  preference  given  to  very  white  bread,  and  the 
notion  that  whiteness  and  quality  go  together.    The  vei-y  reverse  of 
this  IS  often  the  case. 

It  should  be  known  also  that  the  smaU  or  tail  com,  which  is  usuaUv 
separated  from  the  other  corn,  and  used  by  the  farmer  himself,  is 
richer  m  gluten  than  the  large-sized  gi-ain. 

Ash  of  wW— Very  many  analyses  of  the  ash  of  wheat  have  been 
made,  of  which  we  append  the  principal.    The  mineral  constituents 
contained  m  wheat  were  at  one  time  invested  with  a  peculiar  interest 
from  the  supposition  that  a  knowledge  of  them  would  prove  of  jn-eat 
value  by  enabling  the  agricultm-ist  to  treat  the  soils  on  which  the 
gram  IS  grown  m  the  manner  best  adapted  to  the  natiu-e  of  the  crop. 
Ihus  his  object  would  be  to  put  into  the  soil  those  constituents  which 
were  iound  to  be  of  most  importance  in  the  constitution  of  the  ash 
Ihis  supposition  IS,  however,  not  con-ect  to  the  extent  formerlv 
I  believed,  as  wiU  presently  appear.  ^ 
Messrs.  Way  and  Ogston  deduce  from  their  numerous  analyses  of 
ttlie  ash  of  cereals  the  following  general  conclusions:— 
 ,  Ashes  of  Wlieat. 


Potash  . 

Soda 

Lime 

Magnesia 

Oxide  of  iron  . 

Sulphuric  acid 

Silica 

Carbonic  acid  . 
Chloride  of  sodium 
Phosphoric  acid 
Ash  in  100  parts  of 
dry  substance 


Ogston  and  Way. 


Hopeton, 
9  samples. 


Spalding. 


27-1-36-4 

0-  1-  6-1 

1-  3-  8-2 
9-9-14-0 

0-  1-  2-0 
trace-  1-9 

1-  4-  6-6 
0-2 

0-  3-  1-6 
40-0-49-2 

1-  7-2-05 


29-8 
6-3 
2-9 

11-1 
0-2 
0-1 
2-2 
0-2 

48-2 

2-05 


Creeping, 
3  samples. 

Red  straw, 

wliite, 
7  samples. 

Old  red 
lammas. 

28-9-31-2 

26-7-31-1 

34-2 

1-3-  2-1 

0-6-  3-8 

4-5 

1-5-  6-8 

1-15-  6-9 

3-2 

12-4-13-1 

9-5-14-2 

9-6 

0-1-  1-4 

0-1-  3-3 

2-1 

0'6-  1'6 

0-1-  0-6 

0-3 

1-3-  5-3 

2-1-  9-7 

5-6 

0-34 

45-6-48-5 

46-6-49-6 

40-6 

1  •85-1-95 

1-8-  2-1 

2-1 

284 


¥LOUR  AND  ITS  ADULTEHATIONS. 


Ashes  of  Wheat. 


Ogston  and  Way. 


Potash 
Soda 
Lime 
Magnesia 
Oxifle  of  iron  . 
Sulphuric  acid 
Silica      .  _  . 
Carbonic  acid . 
Chloride  of  sodium 
Phosphoric  acid 
Ash  in  100  parts  of 
drj'  substance 


FreQcb, 

Egyptian. 

Odessa. 

Marla- 
nople. 

32-4 

3G-6  30-3 

35-8 

2-3 

0-5 

1-0 

91 

3-5 

4-3 

3-2 

2-05 

18-9 

11-1 

14-3 

14-1 

1-0 

1-2 

0-9 

trace 

0-35 

0-2 

0-2 

3-05 

5-0 

4-5 

5-0 

43-5 

41-0  45-8 

34-4 

1  1-7 

2-2 

1-7 

1-9 

T.  Herapath. 

Lawes 

and 
Gilbert 

3  samples 
^own  on 

land. 

2  samples 
on  non- 
irrigated 
land. 

Mean 
of  23 
samples. 

20-0-3 1-9 
8-9-15-0 
0-9-  1-4 

10-6-12-9 

0-1-  0-2 
0-1-  0-2 

33-1-35-4 
2-9-  3-1 
2-2-  5-6 
9-1-10-1 

trace 
trace 

29-35 

1-  1 
3-4 

10-7 

2-  4 

2-6 

46-1-48-7 

trace 
4S-2-50-0 

013 
49-7 

2-3 

2-5 

2-0 

That  the  amount  of  ash  is  not  affected  in  any  definite  way  hy  the 
nature  of  the  soil.  It  is  greatest  on  clay  soils,  less  on  calcareous,  and 
least  on  sandy  soils.  The  strong-est  straw  contains  most  ash.  ihe 
ash  in  ?he  giSn  varies  as  much  in  samples  grown  on  the  same  soil  as 
in  those  from  different  soils,  and  heai-s  no  definite  relation  to  chmate 
or  to  variety.  And,  fuithe;,  that  the  tot^l  amount  of  ash,ahstracted 
from  the  soU  hy  the  gram  is  the  same,  whatever  be  the  weight  of  the 

''""^That  not  only  the  amount  hut  the  composition  of  the  ash  appears  to 
he  independent  of  the  natm-e  of  the  soil;  the  predominance  of  any 
constituents,  as  lime  or  silica,  hy  no  means  causes  an  exce^  of  tii^ 
same  constit^uent  in  the  plant,  nor  does  it  appear  that  diflfei«nt  leases 
have  any  tendency  to  replace  each  other ;  an  abundance  of  soda  does 
not  cause  that  alliali  to  take  the  place  of  potash.  ■  a 

greeting  these  conclusions,  different  results  have  been  arrived  at 
by  other  chemists,  as  Daubeny,  Malagutti,  and  D^rocher^ 
^  The  differences  in  the  amount  of  ash  m  the  gram  straw,  and  chatt 
relate  chiefly  to  silica ;  if  this  be  deducted,  the  rest  of  the  constituents 
t  raffirmed,  exhibit  no  perceptible  variation;  the  ash  of  barley  an,d 
oats  dS  from  that  of  wheat  only  m  the  larger  amount  of  sihca 
Stained  in  the  two  former;  if  this  be  deducted,  no  essential  dif- 

^'The  Xwing  are  certain  averag-e  results  obteined  from  observa- 
tions upon  50  different  samples  of  wheat,  the  particulars  of  which  are 
given  in  '  Watts's  Dictionary ' :— 
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The  moisture  in  100  parts  of  grain  varies  from 
j>         »         J,  straw 
»         »         ),  chaff 
Specific  gravity  of  the  grain 
Weight  in  lbs.  of  1  bushel  of  grain 
„   of  straw  to  1,000  parts  of  grain 
„   of  chaff  „ 
Amount  of  ash  in  100  parts  of  dry  grain 
»         »         »         „  straw 
"         )»         »         »  chaff 


9-5 

to  13-5 

mean 

11-76 

10-4 

„  14-0 

)> 

11-76 

1  1  .A 
ll'O 

„  14-0 

ti 

12-24 

1-313 

„  1-413 

1-374 

68 

„  63 

61-8 

730 

„  1327 

1047 

116 

„  278 

» 

181 

1-68 

„  2-19 

»» 

1-99 

3-61 

„  12-29 

i> 

5-31 

7-93 

„  18-76 

)> 

13-95 

THE  AlfALYSlS  OP  PIOTJE. 

As  it  is  frequently  a  matter  of  much  importance  to  determine 
the  composition  of  samples  of  wheat  flour,  we  ^11  now  descritethe 
various  steps  by  which  the  analysis  may  be  effected 

Detennmation  of  the  gluten.— K  weighed  quantity  of  flour  is  to 
he  made  into  a  paste,  and  weU  kneaded,  either  on  a  sieve  or  in  a  piece 
of  muslm  water  being  poured  over  it  until  it  ceases  to  acquirTa  S 
colour;  the  water  carries  away  the  starch,  and  dissolves  out  tS 

^^t^':s\^r' -^^^  - 

Gluttn.— This  substance  is  obtained  by  digestino-  crude  ffluten  for 
several  hours  with  alcohol  of  80-85  per  cent.    The  aSol  I  to 
boiled  and  the  supernatant  liquid  decanted.    The  m^ss  of  gluten  ^ 
again  boded  severa  times  with  alcohol  of  75  per  cent.  Thf  uSed 
alcoholic  liqiuds  which  contain  the  glutin,  casein,  and  a  little  oil  beSme 
turbid  on  cooling,  principally  from  the  depositioi  of  the  case  n  Half 
thealcohol  IS  now  to  be  distilled  off,  when floccidi  of  casein  Sd  with 
glutin  and  fat  become  deposited.    The  remainder  contains  X^Mn 
which  IS  obtained  by  evaporation  and  drying  over  the  waLr-bath' 
whereby  the  casern  which  still  remains  is  rendered  in.nl^wf  ^f  ' 
finally  the  glutin  is  redissolved  in  alcohol'orltte^^^^^^^^^^^^^ 
which  It  may  be  obtamed  in  a  state  of  pmnty  by  evapSaS 
punfy  the  c««e»«  it  must  be  dissolved  in  alcoKl  of  5oTer  S  and 
:  the  hot  solution  filtered  through  calico  then  Ipf^  S  •  ^ 

^  quently  agitated  while  the  deposit  t  fo;w  ^''"^ 

Ftbnn.— This  is  insoluble  in  alcohol  and  forms  the  chief  r^nrt  n-F 
tthe  crude  gluten;  it  is  left  in  nearly  a  pure  state  flfS.  +?.n     ?•  I 

^li.ation  with  a^ri    'kTCocUoric        ^^T'^t  T 

1  lite  Aat  of  tte  fllrin  of  m.«SoSae^^^^^^^^^^      '^'flf  ■'"'1 

lanimal  fibrin.  ouuwing  tne  identity  of  vegetable  and 


286  ELOUE  AND  ITS  ADULTERATIONS. 

For  the  other  constituents  of  the  wheaten  flour  we  must  search  in 
the  water  which  has  passed  through  the  sieve. 

Albumen.-This  substance  is  procured,  after  the  suhsidence  of  the 
starch,  by  concentrating  and  then  boiling  the  f  ^ter,  shghtly  acidu- 
Sno-  with  acetic  acid.  The  albumen  is  coagulated,  and  may  be  sepa- 
rated after  washing  with  hot  alcohol  and  ether,  by  filtration  through  a 

''''Swm«cm.-We  have  already  f  ^^.^^^^..^^t^S^Ttrnr/ 
be  obtained  from  the  cmde  gluten  in  a  state  «f  P^^^- ^^^^^^^^^ 
titative  esthnation  we  must  proceed  as  --^^t!^    S  throws 

of  the  albiunen,  acetic  acid  is  to  be  added  to  the  filtrate    Ihis  throws 
down  the  ca^eii,  which  may  also  be  collected  on  a  weighed  filter 

mimntion  of  total  nitro</en.-The  total  amount  of  mtrogen  « 
ascelined  by  th'e  combustion  of  from  1 grammes  of  he  flou^ 
soda-lime.    The  quantity  of  nitrogen  obtained,  mnltipbed  by  b  66, 
renresents  the  amount  of  nitrogenous  substances. 
^  S«rcA.-The  starch,  suspended  in  the  water  graduaUv  subsides, 
when  it  may  readily  be  coUected  on  a  filter,  washed,  dried,  and  weighed 
Sr  a  weiXJd  quantity  of  the  flour  may  be  exhausted  with  water,  which 
ydi  rTSove  the  suga?  and  dexti-in.    The  insoluble  residue  is  converted 
^to  Sucose  n  theW  mamierby  the  action  of  dilute  sulphuric  acid^ 
as  vST  be  found  described  in  the  article  on  '  Sugar,'  and  the  glucose 
Sti^ed  by  means  of  the  copper  solution,  the  ^^-f^^^^^l^^Z 
calculated  from  the  amotmt  of  the  glucose  found,  100  paits  ot  glucose 

^°T^r'3l'tr^^^^^  the  watery  solution  referred  to 

in  the  SeXiis  paraoTaph,  the  sugar  is  first  estimated  by  the  copper 
boiSL^  Th  d^ext^n  Vthe  oth'er  portion  is  converted  into  g^cose 
and  Ukewise  estimated.    100  parte  of  glucose  are  equal  to  95  parts  of 


^"''SL.A  weighed  quantity  of  the  dried  and  bruised  wheat  or  flom: 
is  treated  twT  ?r  three  times  with  ether,  until  a  1  traces  of  fat  are  re- 
moved    The  ether  is  evaporated  and  the  fat  weighed.  , 

Water  ^The  quantity  of  water  is  estimated  by  drying  m  the 

'"'afcomist,  of  ahoUow  copper  cylWer,        •«  if •''f/^'  f^J 

o»     io4;r£ea^t  t 
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forming  a  kind  of  cup  capable  of  containing  about  210  grains  of 
fresh  gluten;  it  screws  into  the  remainder  of  the  cylinder.  The 
cylinder  being  charged  with  gluten,  is  heated  to  about  420°  F.  in  an  oil- 
bath.  The  gluten  by  this  treatment  swells,  and  according  to  its  rise 
m  the  tube  (which  may  be  measured  by  a  graduated  stem)  so  is  its 
quality.  Good  flours  fm-nish  a  gluten  which  augments  to  foiu-  or 
fiva  times  its  original  bulk ;  but  bad  flom-s  give  a  gluten  which  does 
not  swell,  becomes  viscous  and  nearly  fluid,  adhering  to  the  sides  of 
the  tube,  and  giving  off"  occasionally  a  disagreeable  odour,  whilst  that 
of  good  floiu-  merely  suggests  the  smeU  of  hot  bread.' 

The  proceeding  adopted  by  the  corn-chandler  and  the  baker  for 
the  determination  of  the  quality  of  wheaten  flour  is  stiU  more  simple- 

A  small  quantity  (a  few  grains  is  sufficient)  is  made  into  a  paste 
with  water,  and  its  quaUty  judged  of  by  the  tenacity  of  the  dou^h 
as  shown  by  the  length  to  which  it  may  be  drawn  into  a  thread  or  the 
extent  to  which  it  may  be  spread  out  in  a  thin  sheet.  ' 


STETrcXTJRE  OF  THE  GEArN  OF  WHEAT. 

Several  structures  enter  into  the  formation  of  the  seed  or  o-rain  of 
wheat,  as  well  as  that  of  the  other  cereals. 

Fu-st,  the  seed  is  surrounded  by  membranes,  called  the  testa- 
second,  the  surface  of  the  seed  proper  is  formed  of  angular  cells  filled' 
with  glutinous  and  oily  matter  in  a  granular  state*;  while  the  substance 
ot  the  seed  is  made  up  of  cells  filled  with  starch  corpuscles.  Now  each 
of  the  parts  enumerated  differ  in  the  several  cereal  grains. 

The  teste  is  in  part,  but  not  entii-ely,  removed  in  the  process  of 
gnndmg  and  dressing  the  flour,  and  the  same  is  the  case  with  the  cells 
lormmg  the  surface  of  the  grain. 

The  following  is  the  exact  structure  of  the  grain  of  wheat  -— 

The  testa,  covering  the  immediate  surface  of  the  seed,  consists  of 
three  layers  of  ceUs,  two  of  which  are  disposed  longitudinaUy  to  the 
axis  of  the  seeds,  and  the  other  transversely.  The  longitudinal  cells  are 
large,  and  the  margins  distinctly  beaded,  especiaUy  the  outer  laver  • 
the  transverse  cells  are  also  beaded,  but  to  a  less  extent  ' 

The  cells  forming  the  surface  of  the  seeds  are  large  and  angular - 
those  of  Its  substance  are  stiE  larger,  and  each  encloses  a  considerable 
number  of  starch  corpuscles,  which  are  smaller  near  the  outer  parts  of 
the  gram  than  towards  the  centre.  These  several  layers  of  cells  may 
be  described  as  three  distinct  membranes.  ^ 

The  structure  of  the  testa  and  of  the  substance  of  the  seed  is 
exhibited  m  the  engravings  (fig.  72). 

Viewed  with  an  object-glass  magnifying  420  diameters  linear, 
wheat  starch  is  observed  to  consist  of  definite  gmins  or  pL  cl?s 
many  of  these  are  very  smaU,  others  are  of  considerable  dimen  tns 
while  there  are  but  few  of  intermediate  sizes :  the  small  grains  are 
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chiefly  round,  m-ely  oval,  or  miiller-sliaped,  and  for  the  most  part 
provided  with  a  central  spot  or  hilum;  the  larger  granules  form 
rounded  or  flattened  discs,  with  thin  edges.  Neither  hiliun  nor  con- 
centric rings  are  in  general  perceptible  on  the  larger  discs,  although 
in  some  few  a  central  tubercle  may  be  seen,  as  well  as  indistinct 
annuli  Occasionally  some  of  the  larger  granides  are  more  or  less 
twisted  or  turned  up  at  the  edges,  and  when  seen  sideways,  present 
the  app^rance  of  a  longitudinal  fm-row,  which  has  been  erroneously 
described  as  a  hHiun:  this  appearance  is,  however,  deceptive ;  it  is 

Fig  73. 


This  ensn'aving  represent"  the  structui-e  and  appearances  oi  the  starch  granules 
of  Wheat  Flour,  as  also  the  charscters  of  the  cellulose.  Drawn^th  thi 
Camera  Lurada,  and  magnified  420  diametei-s. 

M-eally  occasioned  by  the  partial  folding  or  curling  of  the  grain  on 
'itsell,  whereby  a  central  depression  is  produced,  the  corpuscle  at  the 

same  time  being  viewed  obliquely.  We  have  frequently  seen  grains 
;which  when  8ta,tionary  presented  a  round  and  disc-like  appearance, 
■but  which,  in  rolling  over  and  presenting  the  edges  to  view,  exhibited 

the  longitudinal  furrow  described,  an  observation  which  clearly  proves 
iita  natiu'e  A  few  granules  attain  a  very  considerable  size  :  these  are 
.less  regularly  circular,  and  being  much  flattened,  exhibit  but  Uttle 
sshadow;   sometimes  their  edges  are  faintly  marked  with  radiating 
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lines.  Examined  with  the  polariscope  they  exhibit  a  well-marked 
cross.  Many  of  the  ahove-descrihed  particulars,  as  also  the  characters 
of  the  cellulose,  are  well  exhibited  in  fig.  73. 


Fig.  74. 


Not  onlv  as  has  been  already  stated  more  than  once,  can  the  dif- 
fer.T£C  be  discriminate!  from  each  other  M^^  ^f^l 

microscope,  but     ^ 7/"''^°T '^'^TSe  cl^^^^^ 

been  exposed  may  be  determmed,  as  will  be  clearly  peiceive 

attentive  examination  of  the  engraving  (hg. 
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The  differences  between  the  raw,  moist  baked,  and  boiled  starch 
granules  of  wheat  and  the  other  cereals  are  very  marked :  those 
of  the  dry  baked  are  less  marked  ;  they  are,  however,  on  the  average 


Fig.  75. 


Testa  and  surface  of  seed  of  Barley.  Magnified  200  diameters. 

much  larger  than  the  raw  granules,  the  form  less  regular,  that  of 
the  smaller  grains  especially  being  a  good  deal  altered ;  the  shadows 
are  less  marked,  and  m  some  of  the  granules  the  concentric  rings  are 
rendered  more  conspicuous.    To  these  illustrations  of  the  variations  in 

u  2 
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the  condition  of  the  granules  of  wheat  floui-  a  fifth  might  have  l)een 
added  representing  the  characters  of  the  starch  in  British  gum  or  dex- 
trin made  from  wheat  starch ;  in  this  the  gi-anules  are  destroyed  to  a 
"•reat  extent,  but  here  and  there  granules  and  portions  of  granules  may 
be  discovered,  often  exhibiting  the  concentric  rings  and  sufficient  to 
serve  for  its  identification,  and  to  determine  whether  the  gum  was  made 
from  wheat  or  potato  flour. 

It  is  by  means  of  British  gum  that  the  backs  of  postage  labels  are 
rendered  adhesive,  may  be  shown  readily  by  submitting  a  small  por- 
tion scraped  from  the  label  to  examination  with  the  microscope. 

Fig.  76. 


This  enei-aviiig  represents  the  structm-e  and  characters  of  Barley  Starch, 
together  with  the  cellulose.  Drawn  with  ihe  Camera  Luclda,  and  magnified 
HO  diameters. 

BABLEY  PLOIJR. 

There  are  several  distinct  species  of  barley ;  that,  however,  which 
is  commonly  cultivated  in  this  country  is  the  Hordeum  disttchon,  or 

two-eared  barley.  .  ^^        ^  a 

As  met  with  in  commerce  the  seeds  or  grains  are  usually  enclosett 
in  the  palece  or  husks;  denuded  of  these,  they  form  '  Scotch  or  pot 
barley;  when  rounded  they  constitute  '  pextrl  barley;  and  this  again 
reduced  to  powder  is  called  '  patent  barley.'  . 
Chemical  composition.— The  proportion  of  azotised  compounds  m 
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T^arley  is  less  tlian  in  wheat  floiu-;  it  is  deficient  particularly  in  crude 
fe^iuten,  so  that  barley  paste  may  be  nearly  all  washed  away  in  water 

I  he  milky  fluid  obtained  by  washing  barley  paste,  deposits,  as  well 
as  the  starch,  a  protein  matter  supposed  to  be  insoluble  casein  •  if  this 
be  digested  with  a  solution  of  ammonia,  it  is  dissolved,  but  is  again 
thrown  down  on  the  addition  of  acetic  acid ;  the  Hquid  which  has 
deposited  the  starch  and  insoluble  casein  still  holds  in  solution  a 
small  quantity  of  albmnen  and  some  soluble  casein 

,...T^r"^^^i'''v*'''^^'''^^i"°^'*  ^^^'^  of  Hordein  is  stated 

not  to  be  a  definite  compound,  but  to  consist  of  starch  and  cellulose 
with  an  albuminoid.  ' 

Barley  flour  is  less  nutritive  than  wheat  flour  and  somewhat  laxa- 
tive ;  Its  starch  corpuscles  are  less  soluble,  and  therefore  resist  more 
tiie  action  of  the  gastric  juice ;  the  husk  is  slightly  acrid. 

Ihe  iollowmg  analyses  of  barley  and  its  ash  have  been  made  •— 


Analyses  of  Barley. 


Von  Bibra. 
In  the  meal. 

Von  Bibra. 
In  the  bran. 

Poison. 
Air-dried  grain. 
New  Scotch. 

Starch 

Fat  ... 

Cellulose  . 

Gum 

Sugar 

Nitrogenous  matter . 
Ash  ... 
WatT  . 

59-9fi0 

2-  170  • 

6  744 

3-  200 
12-981 

15-000 

42-008 
2-960 

19-400 
6-885  ) 
1-904  j 

14-843 

12-000 

62-7 
2-6 

11-  5 

4-2 

13-2 
2-8 

12-  0 

Ashes  of  Barley. 


t 

Way  andOgston. 

Chevalier. 
5  samples. 

Moldavian. 
3  samples. 

Long-eared. 
Kottingham. 

Potash  . 

Soda 

Lime 

Maenesia 

Oxide  of  iron  . 

Sulphuric  acid 

Silica 

Carbonic  acid  . 
Phosphoric  acid 
Chloride  of  sodium  . 

Ash  in  di-y  substance 

20-8-37-2 

0-  5-  1-4 

1-  5-  3-6 

2-  9-  8-7 
0-1-  2-1 

trace-  2-7 
17-3-32-7 

2.5-3-38-8 
2-.3-1M 

2-.3-  2-7 

19-8-31-6 

0-  9-  4-9 

1-  2-  4-2 
8-2-10-2 
0-1-  1-0 
0  3-  0-5 

24-6-30-4 

28-7-38-0 
trace-  15 

2-  1-  2-6 

32-0 

1-  2 
3-4 

11-0 
0-15 

trace 

21-12 
0-5 

29-9 
0-7 

2-  20 
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The  Anahjsis  of  Barley. 
This  must  be  conducted  very  much  iu  the  same  mamier  as  that  of 
■wheat  flour. 

Structure  of  the  Grain  of  Barley. 

The  testa  of  the  grain  of  barley  differs  considerably  fro^  that  of 
wheat.  It  consists  usually  of  four  layers  of  cells  ;  they  are  smaller  than 
Zse  of  wheat:  the  longitudinal  ceUs,  of  which  there  are  three  layer., 
are  not  beaded  but  those  forming  the  outer  layer  have  their  margins 
ShtlY  waved  ;  those  of  the  inner  layer  and  of  the  transverse  cells 

ThlTceUsTf  the  surface  of  the  grain  are  not  nearly  so  large  as  those 
of  wheat,  and  they  form  three  layers,  in  place  of  one  as  ^  wlieat- 
Those  of  ts  substance  also  differ  from  the  corresponding  ceUs  of  wheat 
being  more  delicate,  and  presenting,  when  emptied  of  starch,  a  fibrous 

''^^^^Z'lSH'^^^'^-  of  resemble  very  closely  in  form  and 

structure  those  of  wheat,  so  that  the  description  already  given  applies 
to  some  extent  to  the  starch  of  barley.  _        -r,  ^   .  r 

Baidev  starch  consists  of  small  and  large  grams,  with  but  few  of 
intenuedTate  size:  the  former,  it  is  to  be  particularly  observed  are 
Sree  orfo  u-  times  smaUer  than  the  corresponding  grams  of  wheat 
nnd  of  the  lar<^er  grains  many  are  distmctly  rmged,  while  a 
S  Pr^^^^^^^^         tl^^-  P--"^  '^'^  longitudinal  uitow, 

lSat?ue  of  wS  has  already  been  described.  ,  These  characters  are 
I^fficSn  ly  weTl  marked  to  allow  of  the  discrimination  by  the  micro- 
sSonist  of  wheat  and  barley  flom-  or  starch.  Examined  ^vath  the 
H~lk  they  exhibit  a  cross  not  nearly  so  strongly  marked  as  m 

""•^^"rnnsiderable  difference  is  observed  between  wheat  and  barley 
floiurttSnu^^^ 

Ii  .  „f+ov  i.vnlnnp-pd  boilino-,  in  the  case  of  barley  floiu-,  a  substance 
SinfinrsSSh^as  been  denominated  ' W«»,'whei.as 
wheat  floiu-  treated  in  the  same  mamier  is  nearly  all  dissolved. 

Bv  the  above  characters,  particidarly  by  the  minuteness  of  the 
«n.nn  o-Sns  and  by  the  structure  of  the  testa,  barley  starch  or  meal 
rfbSCand  Satisfactorily  discriminated  when  mixed  with  wheat 

flour  (figs.  75  and  76). 

ETE  FLOim. 

The  c-rass  from  which  rve  is  obtained  is  the  Secale  cereale 
The  seeds  or  <^rains  resemble  those  of  wheat,  but  are  smaller. 
Rve  flom  is  rich  in  nitrogenised  products,  and  it  contains  ^nore  sugar 
tia?Wen  flour;  its  paste,  when  repeatedly  washed  m  water, 
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breaks  up,  and  becomes  diffused  tkroughout  the  liquid,  tlie  bran  only 
being  left  behind ;  the  milky  liquid,  after  having  deposited  the  starch, 
and  after  the  separation  of  the  albumen,  is  to  be  evaporated,  when  the 
residue  will  consist  of  sugar,  oil,  and  the  so-called  '  soluble  gluten,'' 
which  may  be  dissolved  out  by  means  of  alcohol. 


Analyses  o  f  Rye. 


Starch     .       .  ■» 
Fat         .       .  J 

Cellulose  . 
Gum  and  sugar 
Nitrogenous  matter . 
Ash 

Water  . 

FeMing  &  Faisst. 

7  samples. 
Dried  at  100°  C. 

Poggiale. 
Mean  of  samples. 
Dried  at  120°  C. 

PilUtz. 
Air-dried. 

78'58-85-25 
1-24-  2-30 

10-40-1.5-83 
1-90-  2-30 
12-62-14-70 

65-5 
2-0 
6-4 

8-8 
1-8 
15-5 

66-4 

2-  2 

3-  9 
6-8 

12-  4 
1-5 

13-  8 

Horsford  and  Krocker.— Dried  at  212°  F. 

Eye  flour  from 
Vienna. 

Rye  flour  from 
Hohenheim. 

Gluten  and  albumen  . 

Starch   

Wood}'  fibre,  gum,  sugar 
Ash  

11-92 
60-91 
24-74 
1-33 

18-69 
54-48 
24-49 
1-07 

17-73 
45-09 
36-77 
2-43 

15-76 
47-42 
35-25 
2-37 

98-90 

98-73 

101-02 

100-8Q 

Moisture  in  fresh  substance  . 

13-78 

14-88 

13-94 

13-82 

Rye  Flour. 


Eiuliof. 

Greit 

Boussingault. 

Gluten  . 

Albumen 

Starch  . 

Sugar 

Gum 

Cellulose 

Fat,  acid,  loss  . 

9-48 
8-28 

61-07 
3-28 

11-09 
6-38 
5-62 

12-81 
3-0/ 

58-8 
10-4 
7-2 

7-8 

10-  5 

64-0 
8-0 

11-  0 
6-0 
3-5 

100-20 

100-0 

98-0 
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Mineral  Matter  of  Bye. 


rresenius  and  Will. 

Fresenius  and  Will. 

Way  and  Ogston. 

X  Ul/ttoll         •            •  • 

Soda 
Lime 

Oxide  of  iron  . 
Phosphoric  acid 
Chloride  of  sodium  . 
Silica      .   _  . 
Sulphuric  acid . 
Coal,  sand 

31-89 
4-33 
2-84 
9-86 

0-  80 
46-03 
trace 

1-  42 
0-17 

2-  66 

11-43 
18-89 

7-05 
10-57 

1-90 
57-81 

0-69 
0-51 

33-83 

0-  39 
2-61 

12-81 

1-  04 
39-92 

9-22 
0-18 

100-00 

100-00 

"Way  and  Ogston.— Unkno-mi  varieties. 

Potash 

Soda 

Lime 

Magnesia 

Oxide  of  iron  . 

Sulphuric  acid 

Silica      .  • 

Carbonic  acid  _ . 

Phosphoric  acid 

Chloride  of  sodium  . 

Ash  in  dried  grain  . 

33-8 

0-  4 
2-6 

12-8 

1-  0 

0-  2 
9-2 

39-9 

1-  6 

16-6 
19-9 
11-25 
13-0 

0-  5 
3-6 

33-5 

1-  6 

2-  65 

9-4 
16-1 
15-3 
10-1 
2-2 
2-6 
14-6 

25-1 
4-2 

1-9 

Bye  flour  is  said  tote  somewliat  laxative. 

The  roasted  grains  were  frequently  employed  m  the  adulteration 
of  coflee. 

Structure  of  the  Grain  of  Rye. 
The  testa  of  rye  approaches  somewhat  closely  in  structiu-e  to  that 
of  wheat  as  is  evident  on  an  examination  of  the  suhjomed  engraving. 
Thlre  are  however,  certain  differences ;  thus,  the  cells  of  the  hrst  and 
Jecond  coats  are  smaUer  and  much  more  delicately  heaxied  ;  those  of 
the  Third  coat  are  also  smaller  and  of  a  somewhat  different  form  (fig. 

^^-"'The  starch  granules  of  rye  flom-hear  a  general  resemblance  m  form 
and  size  to  those  of  wheat :  there  are  these  remarkable  and  ^^tisfaciory 
Serences  however-viz.,  that  the  lesser  grains  are  decidedly  smaller 
?i!rthe    orresponding  ^-ains  of  wheat,  and  that  ni«iy  -^f  the  lar.er 
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oraniiles  of  rye  starch  are  furnished  with  a  three  or  foiir-i;ayed  hilum. 
Examined  with  the  polariscope  they  exhibit  a  very  strono-ly  marlced 
cross  (fig.  78).  ° 

OAT  PLOUR. 

.  ^liere  are  several  distinct  species  of  oats ;  that,  however,  which  is 
chiefly  cultivated  in  this  country  is  Avena  sativa. 

Fig.  77. 


Strvcture  of  testa  of  Rye.  Vertical  and  transverse  views  •  a  a  outer  •  bh  r„Mm» 
and  c  c,  inner  coats.   Magnified  220  dilmeteV       '  ' 

^nce  analogous  to  soluble  casein  or  leenuninTnS  r.tZ-    a'  • 
same  manner,  by  the  addition  of  acetic  ac§.      '  ^"^'"'^ 


298  FLOUR  AND  ITS  ADULTERATIONS. 

'  Oatmeal;  Pereira  remarks,  'is  an  important  and  valuable  article 
of  food.  With  the  exception  of  maize  or  Indian  corn  it  is  ncher  in 
oily  or  fatty  matter  than  any  other  of  the  cultivated  cereal  grains , 

Fig.  78. 


its  proportion  of  pro^j^^  ^X^^*  ^Set  tXt"?| 
St  flLTa^rttd-Un.  priLip,e„it  Wds  a  high 

Analyses  of  Oats.  


} 


Starch 
Fat  . 
Cellulose  . 
Gum  antl  sugar 
Nitrogenous  matter 
Ash 
Water 


Feliling  and 
Faisst. 
6  samples 
dried  at 
100°  C. 


Fehling  and 
Faisst. 
2  samples, 
free  from  husk, 
dried  at  100°  C 


70-24-76-41 
10-00-11-39 

10-69-L5-59 
2-65-  o-Ol 
12-47-U-13 


Poffgiale. 
SheUed  grain, 
dried  at  120°  C, 


riUitz. 
Air-dried 
grain. 


82-30-82-90 
0-92-  1-41 

14-12-14-16 
2-06-  2-13 
14-86-15-06 


(61-9 

3-5 

11-2 
.3-61 
14-2 


54-1 
2-7 
7-8 
4-1 
14-1 
2-4 
13-9 
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Scotch  Oat,  exclusive  of  husk. 


1 

Norton  and  Fromberg. 

Northumber- 
land. 

Ayrshire. 

Ayrshire. 

Northumber- 
land. 

Starch 
Sugar 
Gum 
Oil  . 

Nitrogenous  matter 
Epidermis 
Mineral  matter 

65-24 

4-  51 
2-10 

5-  44 
1869 

1-  18 

2-  84 

64-80 
2-58 
2-41 
6-97 

19-01 
2-39 
1-84 

64-79 
2-09 
2-12 
6-41 

20-81 
2-84 
0-94 

65-60 

0-  80 
2-28 
7-38 

19-91 
2-28 

1-  75 

100-00 

100-00 

100-00 

100-00 

Ash  of  Oats. 


Norton. 

"Way  and  Ogston. 

Potato. 

Hopeton, 
3  samples. 

Hopeton, 
4  samples. 

Potato, 
4  samples. 

PoUsh. 

1  Polish. 

Potash 

Soda  . 

Lime  . 

Magnesia 

Oxide  of  iron 

Sulphuric  acid  . 

Silica 

Carbonic  acid 
Chloride  of  sodium 

and  potassium  . 
Phosphoric  acid  . 
Total  ash  in  dry  | 

grain 

31-6 

5-3 
8-7 
0-9 

0-9 

0-35 
49-2 

2-22 

20-6-21-0 

6-  7-10-1 

7-  8-11-0 

0-  4-  6-1 
17-4 

1-3 

1-  6-  5-3 
38-5-46-3 

2-14 

13-6-17-8 

0-  5-  3-8 
2-8-  4-2 
6-1-  7-3 

trace-  2-1 

1-  1-  2-5 
S8-5-51-6 

0-9-  2-6 
18-3-26-5 

2-  5-  3-8 

13-1-19-7 

0-  8-  3-0 

1-  3-  3-8 
6-5-  8-2 
0-3-  1-3 
0-1-  1-4 

39-8-50-0 

0-1- 
18-7-29-2 

2-  5-  3-3 

24-3 
38 
35 
7-3 

0-  7 

1-  7 
41-9 

0-45 
14-5 

3-0 

16-3 
6-3 
8-35 
5-9 
0-1 
4-0 

43-2 
0-6 

16-2 
3-8 

Structure  of  the  Grain  of  the  Oat. 

ITie  mmnbrane«  coTering  the  grain  of  oat,  contrasted  with  those  of 
the  other  cereals,  present  several  peculianties 

The  lomjitudmal  ceUs  forming  the  outer  membrane  are  disposed  in 
two  layers ;  they  are  large  and  well  defined,  the  waUs  being  rather  thin 
:  and  slightly  wa-ped  ;  from  the  upper  and  outer  wall  of  some  of  the  cells 
spnngaa  single  long  and  pomted  hair,  the  point  being  turned  towards 
the  summit  of  the  grain ;  these  hairs  arise  from  the  cells  over  the 
whole  surface  of  the  gram,  but  they  become  more  numerous  towards 
^  the  apex,  where  they  form  a  beard  or  tuft,  as  in  wheat. 
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Tlie  transverse  cells,  wliicli  may  lae  described  as  forming  the  second 
investing'  membrane,  are  disposed  "in  a  single  layer ;  their  walls  are  less 
accura  tely  defined,  and  they  are  not  very  much  longer  than  broad. 

The  cells  forming  the  surface  of  the  seed  itself,  and  which  may  be 
described  as  the  third  covering  of  the  gi'ain,  also  consist  of  a  single 
layer ;  they  are  smaller  than  the  corresponding  cells  of  wheat  (fig.  79). 


Mg.  79. 


Testa  of  Oat.  a  a,  outer ;  6  6,  middle  ;  and  c  c,  inner  tunics.  Uagi 

diameters. 


The  starch  granules  of  the  oat  present  well-marked  steuctural  cha- 
racteristics. They  are  smaller  in  size  than  those  of  wheat,  Tarying 
but  little  in  dimensions,  are  polygonal  in  figure,  without  eithf.  vi/iW^ 
concentric  rings  or  hila,  but  ^th  central  depressions  and  liicken^ 
edcres.  The  ^-eat  peculiarity  of  oat  starch,  however,  is,  that  many  ot 
tfelr^ains  cohere  to<rether,  forming  bodies  of  a  rounded  or  oval  figure, 
and  Fes  ntSg  a  reticuMed  surface,  indicative  of  their  compcvnd 
stnictSe    These  bodies  escape  readily  from  the  ceUulose,  and,  ^  hen 
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oat  flom-  13  diffused  through  water,  may  frequently  be  seen  floatiuo- 
about  Ireelv  m  the  liquid.  A  second  peculiarity  is,  that  unlike  the  other 
cereal  starches,  the  grains  of  oat  starch,  when  viewed  with  polarised 
light,  do  not  exhibit  the  usual  crosses.  The  above  particulars  are 
weU  exhibited  m  the  engraving,  fig.  80.  The  waUs  of  the  cells  of  the 
ceUiUose  are  very  delicate,  and  appear,  when  the  cells  are  emptied  of 
the  starch,  like  threads,  as  represented  in  the  enoraving. 


Kg.  80. 


'  Ar«t.ff  M^*?^  oat  starch  is  given  in  the  new  edition  of  Pereii-a'a 
size  0  thoS       ^  JJ^^^t^e  larger  grains  are  made  ftillyegS  in 

iueasuremeSs  ^vS  "^"^^  '''''  «f  the 
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INDIAN  COB.N  FLOTO. 

y^Ma,j,,  or  Mian  oorM^l^^rMtSiV"":, 
New  World. 

Fig.  81. 


Lu™nd  magnifled  420  diameters. 

TKe  amount  of  a-W  — ^^^^^  1-  iXtS  tt^eltl 
When  washed  with  water  xt  does  not  leave  any  .^.^^  ^trogenous  suh- 

wheat,  and  is  said  by  ^"'^^^..^''^^^^Xzeme.  It  contains,  however, 
stance'to  which  he  has  gj^^^,  ^^^^^^^^^^^  fattening  properties.  . 

mt'se  unaccustomed  to  its  use,  maize  is  considered  to  exate  and 
to  keep  up  a  tendency  to  diarrhoea. 
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Analyses  of  Maize. 


1 

Poison. 
Air-dried. 
4  samples. 

Poggiale. 
Dried  at  120°  C. 
Keau  of  samples. 

Payen. 
Dried  at  100°  C. 

Starch  . 
Fat  . 
1  Cellulose  . 
Gum  and  sugar 
Nitrogenous  matter 
Ash  ... 
Water  . 

60-1-64-8 
4-4-  4-7 

14-9-20-4 
2-3-  2-9 
8-7-  8-9 
1-6-  1-8 

11-5-13-2 

64-5 
6-7 
4-0 

9-9 
1-4 
13-5 

71-2 
9-0 
5-9 

0-  4 
12-3 

1-  2 

Ash  of  Maize. 


\ 

Fromberg. 

LetelUer. 

Potash  

j  Soda  

I  Lime  

Magnesia       .       .       .  . 

Phosphoric  acid 

Sulphuric  acid 

Silica 

Oxide  of  iron  .      .  . 
Loss 

26-63  ■) 
7-54  j 
1-59 

15-44 

39-65 
6-54 
209 
0-60 

0-92 

30-8 

1-3 
17-0 
50-0 

0-8 

0-1 

100-00 

100-00 

Ash  of  Maize. 

Way  and  Ogston. 
Forty-day. 

Graham,  Stenhouse, 

and  Campbell. 
TTnknown  variety. 

Potash  

Soda 
Lime 
Magnesia 

Oxide  of  iron  .      .      '.  ' 
Sulphuric  acid 

Silica  •..,.* 
Carbonic  acid        .      ,  \ 
Phosphoric  acid     .  '. 
Chloride  of  sodium  . 
Ash  in  dried  grain  . 

28-4 
1-7 
0-6 

13-6 

0-  5 
trace 
1-55 

53-7 

1-  5 

30-7 

3-  1 
14-7 

0-  8 

4-  1 

1-  8 

44-5' 
0-5 
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Structure  of  the  Gram  of  Indian  Corn. 

T.e  testa  of  t.e  ,.ain  of  Indian  ccn.  is  ^1^::^TX^ 
the  outer  of  tliese  consists  of  some  seven  oi  e  „  j 


rig.  82. 


blastema  ;  J! ,  sian-u  b 
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running  in  one  direction,  and  about  three  times  as  long  as  broad  •  the 
naargms  of  the  outermost  layer  are  beaded,  the  headings  being' remark- 
able tor  a  certain  squareness  of  outline. 

The  inner  membrane  forms  the  surface  of  the  seed  proper,  and 
consists  of  a  single  layer  of  ceUs  resembling  those  of  the  other 

.1  ""V^^  cellulose  are  very  angular,  like  those  of  rice,  but 

they  difter  m  being  subdivided  by  numerous  septa,  formino'  a  cellu- 
puscle"      '        blastema,  each  space  enclosing  a  separate  starch  cor- 

The  starch  corpuscles  of  Indian  corn  beaa-  considerable  resemblance 
to  those  of  the  oat ;  like  them,  they  are  somewhat  polygonal  in  outline, 
and  present  well-mai-ked  central  depressions,  as  well  Is  occasionally  a 
dmded  and  radiate  hihmi;  they  differ,  however,  in  their  much  lai4r 
size,  m  not  forming  compound  bodies,  and  in  presenting  under  the 
polariscope  well-defined  crosses.    The  central  depression  appears  to  be- 

TV  T'""  '^^'"^  of  the  cereal 

grasses.  _  This  depression,  combined  with  the  disc-like  form  of  the 
grains,  gives  them  a  general  resemblance  to  the  blood  discs  of  the 
t   '  '".f  ^^^^^        S™'^^'  ^«     ^'lieat  and 

on  oS  Se'o'The  S  '^^^"^^^^^^  '^^'^  — 

EICE  FLOTTE. 

r,.-f,.^^  -^^^^  ?'''"f  ''f ^  ^"C^  less  proportion  of 

niti-ogemsed  compounds  than  the  other  cereal  grains,  and%aJ-ticukrly 
wheat,  namely  about  7  per  cent.    The  quantity"  of  fatty  matter' s7lso 

...'^^  .^ityogenous  substance  obtained  from  rice,  precipitable  by 
taste?       '        ^  ""'^""^  consistence,  an  agreeable  smell,  and  a  bland 

Much  difference  of  opinion  has  prevailed  in  reference  to-  the  value 
of  rice  as  an  article  of  diet,  some  persons  placing  it  very  high  S- 
lysis  however,  clearly  proves  that  it  is  the  lelst  nutJitiov^"  of  the 
cereal  grasses ;  while  it  usually  coutains  7  or  8  per  cent,  of  glut?n  wheat 
ZZ^T"^^  furnishes  less  than  12  per  cent. ;  when  coo£d  rice 

sweUs  up  greatly  and  imbibes  a  very  large  quantity  of  water  bnS 
nee  containing  about  77  per  cent.\f  moLm•e^^L^^eni  1? 

:  ^  LTof'  Z  r S  »  ^'ubstan^ce~e 


X 
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Analyses  of  Rice. 


Poison. 

/\  1  r-LiL  ICU* 

Poggiale. 
Dried  at  100°  C. 

Payen.  1 
Dried  at  100=  C.  . 

Starch       .      •      •  • 

Fat  

Cellulose    .       •       •  • 
Gum  and  sugar  . 
Nitrogenous  substance 

Ash  

Water       •      •      -  • 

78-8 
0-1  1 

0-  2  1 

1-  6  1 
7-2 

0-9 
9-8 

74-5  1 
0-2  ; 
3-4 

7-8 
0-3 

86-9 
0-8 

O 

0-5 
7--5 
0-9 

1 
I 

Ash  of  Rice. 

Muspratt. 
Grain. 

Muspratt. 
Husk. 

Zedeler. 

Potash       .      •      •  • 

Soda          •      •      •  • 

Magnesia 

Lime         •  • 

Phosphoric  acid  . 

Sulphuric  acid  . 

Silica        •      •       •  ■ 

Oxide  of  iron  . 

18-48 

10-  67 

11-  69 
1-27 

53-36 

3-35 
0-45 

1-60 
1-58 
1-96 
1-01 
1-86 
0-92 
89-71 
0-54 

20-2 

10 

4-25 
7-2 
60-2 

1-4 

99-27 

99-18 

95-7 

Structure  of  the  Grain  of  Rice, 
r^.     X     X      „f+T,plin<,k  of  rice  is  Idv no  means  easy  to  determine; 

"™The  outer  surface  of  the  seed  ■»  ttao,^  up  Wo 

tiem  square  spaces ;  the  ndgra  „.emii™,  of  somewliat  irregute: 
of  sranules;  liere  and  there  »",,2Jrt„  -  tie  substance  of  the  husk  j 

?orm,  and  which  are  *•  ■^"^J*' f  80^0X^80  ate  arranged 

ismideupofnarrowandr»thershortfito.Sj^someM 

rougli.  -'■'^^"'^^y  f"i:„„<,  T,!mtlv  Ivine  beneath  the  fibrous  mem- 
LTe^r  a~X- ceUs,  ratber  longer  ^ 
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broad,  and  the  long  axis  of  which  is  placed  transversely.  '  The  above 
description  is  founded  upon  the  admirable  di-awing  made  with  the 
greatest  care  by  Mr.  Tuffen  West  (fig.  83). 

The  starch  corpuscles  of  rice  are  small,  and  for  the  most  part  of 
an  angular  form,  with  weU-marked  central  depressions  and  raised 


Kg.  83. 


Husk  op  Rice,  the  upper  figure  being  a  transverse  section.  Magnified 
220  diameters. 

•  Sv^L^^^  resemble  closely  the  starch  grains  of  the  oat  in  their 
1  polygonal  shape,  but  differ  in  being  much  smaller. 

I  Tf^Aiv^f      ^°  enclosed  are  very  angular,  and  separate 

'  K  (fig°84)  i^.^liich  respects  also  rice  differs  from  oat 


z  2 
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Fig.  84. 


TUs  eneniving  represents  the  starch  coi-puscles  and  cells  of  Rice.  Drawn 
^'^'^  ^^if  the  Camera  Lucida,  and  magnified  420  diameters. 

But  flour  and  Thread  are  made  in  different  countries  from  a  variety  of 
other  grains  besides  those  which  have  hitherto  been  described,  (^^MtlM 
of  which  there  are  numerous  species;  Ulimne  corocana,  the  Magee  or 
Raqqy  of  India ;  Bmkiohent,  which,  however,  is  soniewhat  poor  m 
fswenous  substances  and  fat,  and  the  6V«m  of  India  ;  ftce,-  anett- 
MMwi,  which  made  into  cakes  is  palatable  and  highly  nutritious. 


COMPOSITION  OF  XHE  CHIEF  CEREAL  GRAINS. 

We  wiU  now  bring  this  article  on  '  Flour '  to  a  conclusion  by 
ffivin<^  some  mean  analyses  of  the  chief  cereal  grains  and  their  ashes, 
which  wiU  enable  us  readily  to  compare  the  one  kmd  of  grain  with 
the  other. 
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100  parts. 


Starch, 


Gluten 
and  other 
azotised 
matters. 


Wheat,  hard,  of  Ve- ) 
nezuela  .  .  j" 
[  Wheat,  hard,  of  Africa 

Wheat,  hard,  of  Ta-) 
ganrog    .       .  j 

Wheat,  demi-hard,  > 
of  Brie,  France  \ 

Whent,  White  Tuzelle 

Kje  . 

Barley 

Oats  . 

Maize 

Rice  . 


58-12 

64-  57 
63-30 

68-65 

75-35 

65-  65 
65-43 
60-59 
67-55 
89-15 


22-75 

19-  50 

20-  00 

16-25 

11-  20 
13-15 

13-  96 

14-  39 

12-  50 
7-05 


Dextrin, 
Glucose, 
or  other 
congen- 
erous 
sub- 
stances. 


9-50 

7-  60 

8-  0 

7-0 

6-05 

1-2 

1-0 

9-  25 
4-0 
1-0 


Fatty 
mat- 
ters. 


2-61 
2-12 
2-25 

1-95 

1-  87 

2-  15 
2-76 
5-50 
8-08 
0-80 


Cellu- 
lose. 


Silica,  Phos- 
phates of 
Lime,  Mag- 
nesia, and 

sohible  Salts 
ot  Potash 
and  Soda. 


4-0 

3-50 

3-60 

3-40 

3-  0 

4-  10 

4-  75 
7-06 

5-  90 
3-0 


3-02 
2-71 
2-85 

2-75 

2-12 

2-  60 

3-  10 
3-25 
1-25 
0-90 


The  next  table  represents  the  mean  composition  of  the  ash  of  thp 
chief  cereal  o^ams.    It  is  taken  from  PereirJ's  '  MaterirLdTc 

'Lec- 


l«Xo  1  -i^istaiven  h-om  Pereira's  'Materia  Medic 

-tained  in  Johnston? 


Potash  . 

Soda 

Lime 

Magnesia 

Oxide  of  iron 

Phosphoric  acid  . 

Sulphuric  acid 

Chlorine 

Silica  . 

Alumina 

Wheat. 

Barley 
with 
Husk. 

Oats. 

Rye. 

Indian 
Corn. 

Rice. 

23-72 
9-05 
2-81 

12-03 
0-67 

49-81 

0-  24 

1-  17 

13-641 
8-14J 
2-62 
7-46 
1-48 

38-96 
0-10 
0-04 

27-10 
021 

26-18  1 

5-95 

9-95 

0-40 
43-84 
10-45 

0-26 

2-67 

0-06 

22-081 
ll-67f 

4-93 
10-35 

1-36 
49-55 

0-98 

0-43 

32-48 

1-  44 
16-22 

0-80 
44-87 

2-  77 

0-  18 

1-  44 

f  18-48 
110-67 
1-27 
11-69 
0-46 
53-36 

0-27 
3-.35 

Percentage  of  ash  , 

99-50 

99-75 

99-76 

101-35 

99-70 

99-.54 

ibout  2-0 

2-84 

2-18 

2-425 

about  1-5 

1-00 
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ON  THE  PARASITIC  DISEASES  OF  THE  CBBEAL  GBAIK8. 

The  cereal  grains  and  the  flours  made  from  them  are  liable  to  he 

IdX-ateX't  becomes  necessary  that  he  should  be  possessed  of  some 
SS^tion  respecting  the  diseases  of  the  cereal  gr^^^^ 

The  principal  diseases  of  gram  arising  from  the  attacks  oi  nmgi 
are  ergot,  smut  or  dust,  brand,  rust,  and  mtldeio. 

Fig.  85. 


ON  BXTOT,  SMTJT  BOLLS,  OE  PEPPER  BRAND. 

(  Uredo  canes,  Dec. ;  Uredo  f<stida,  Bauer.) 
This  fungus  has  hithertobeenmetwith  only  m 
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the  figure.  Some  doubt  exists  whether  this  fungus  is  deleterious  or 
uot  ■  t>j  mauy  it  is  considered  to  be  so.  Flom-  containino-  it  is  fre- 
quently used  for  gingerbread  (fig.  85).  ° 

EEGOT. 
(Otdium  arbortifaciens.') 
Ergot  is  particidarly  prone  to  attack  rye:  it  does  not  confine  its 


^^!fi  ^'^P^'^^n^  represents  a  transverse  section  of  Ergot  avTk^^  n  t  , 
colourless  filaments  bearing  tliesnorp.;  wh,vh  n  vril  Rye.  a.  Termmal 

The  coloured  threads  wlSfh  SZtA  Thi  hwt  extremities.  6. 

Ihe  engraving  (fig.  86)  represents  a  section  of  ergotised  rye. 
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In  flour  contaminated  with  ergot  the  structures  above  delineated 
occur,  of  course,  in  a  much  broken  and  dmded  state. 

Numerous  and  well-attested  instances  are  on  record  of  dan-erous 
and  even  fatal  effects  residting  from  the  consumption  of  bread  con- 

'^^TieSte  principle  of  ergot  is  named  erffotine.  It  is  obtained  by 
treatin-  ergot  with  ether  to  remove  fat  and  wax  afterwards  exhaust- 
ino  with  bSiling  alcohol,  concentrating  the  solution,  and  P^^e^Pitatrng 
bv  cold  water.  It  is  a  reddish  powder,  insoluble  in  water,  ether,  and 
dUute  acids,  but  dissolved  by  alcohol,  strong  acetic  acid,  and  caustic 
potash. 

Fig.  87. 


ThisenEraying  represents  the  spores  of  TJredo  SEGEXtrjr  magnified  ^0  diameters. 
J.  ms  engraving^      made  from  a  preparation  belonging  to  Dr.  Swayne. 

Test  for  eroot.—l.^nean  renders  the  paste  of  the  flour  alkaline, 
adds  dilute  nitric  acid  to  slight  excess  and  then  neutrahzes,  when  a 
violet-red  colour  will  appear  if  ergot  be  present,  which  changes  to  rosy 
red  when  nitric  acid  and  violet  when  an  alkali  is  adclea. 

Another  test  is  the  odoiu-  of  propylamin  developed  on  the  addition 
of  liquor  potassse  to  the  ergotised  flour. 
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ON  RTTST,  EED-EAG,  EED-EOBIN",  KED-GHM. 

(  TJredo  ruhigo  and  Uredo  linearis.') 

These  so-called  species  are  but  yoimg  states  of  Puccinia  graminis. 
iney  lonn  yellow,  brown,  oval  spots  or  blotches  npon  the  stem,  leaf, 
and_  chaff ;  the  sponiles  of  which  the  blotches  consist  are  intermediate 
m  size  between  those  of  Uredo  caries  and  U.  segetmn  ;  they  are  at  first 


Fig.  88. 


WHEAT  FI.OUH  infested  with  ^c^^^-^f^rnini,,  in  an  early  stage  of  development. 

SVttTite'SV^chl'^^^  'J  ^  f^"""'^^  blender 
l:become  free        87^)    ^''^  '^'^      deyelo^ed,  but  after  a  time  they 

■-with^Prf  •  ®^  '^Vresenta  some  wheat  floiu-  laro-ely  infested 

'Witli  ruccima  gramtms  in  the  statp,  fm-m^^i^  „„n  a  tt    S  ^"^'fh^^ 
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ON  SMTJX,  OB  DUST  BBAND. 
(JJredo  segetum.) 
This  fundus  is  comparatively  rare  in  wheat,  but  very  common  in 
barley  and  oats ;  rye  does  not  appear  to  be  subject  to  it    It  has  not 
the  disagreeable  smeU  of  the  preceding  species,  and  the  spores  are 
several  times  smaller  (fig.  87). 

ON  MIIiDEW. 
(Fucdnia  graminis.) 
The  ripe  spores  of  this  fungus  are  dark-brown  cluVshaped  bodies, 


in  an  stages.  Magnified  ^^l^^^^^^.^^^^^^''^  ^"""^'^ 

leaving  the  broader  end  divided  into  tv^  com^^^ 
sporules.   '  I  have  observed  this  fxmgus  with  the  rust  lungi 
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that  strengthens  my  opinion  that  they  are  identical.'— Professor 
Jienslow. 

In  the  engraving  (fig.  89)  this  fungus  is  represented  inaUthe  stages 
and  conditions  of  its  growth. 

Penicillimn  glaucum,  Fermemtum  eerevisice,  8fc. 
When  bread  has  been  kept  for  a  few  days,  and  has  become  stale 
certain  species  of  fungi  are  apt  to  become  developed  in  it.    One  of 

Fig.  90. 


PenicilHum  glaucum  in  its  perfect  state  of  development. 


^ese  is  the  weU-known  P«i2«7Zmm  ^fowctim,  which  forms  the  green 
Td  filelTr'  ^^^.^^^^'^.tW  organic  siibstances  :  it  is  descf  beS 
and  hgured  in  a  memoir  by  the  author  contained  in  the  thii-tv-sixth 
volume  of  the  _  Medico-Chirurgical  Transactions  '  (fig  90)     0  fer 

coloi  ^  brownish,  or  reddish  yellow 
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A  second  species  of  fungus  is  FermerUum  cerevisia,  or  the  yeast 
fungus,  also  described  and  figured  in  the  memoir  above  alluded  to. 
Its  development  in  bread  goes  in  part  to  show  that  the  vitality  of  the 
yeast  is  not  altogether  destroyed  by  the  baking  of  the  bread.  It  will 
be  described  and  fi.g-ured  under  the  head  of  '  Yeast.'  .  ,  , 

A  third  fungus  found  in  stale  bread  is  very  different  from  either  of 
the  others ;  it  is  represented  in  the  engraving,  fig.  91.  It  is  of  a  bright 


Fig.  91. 


Oidium  orantiacum  fungus,  commonly  found  in  slale  Bread. 

vellow  colour,  and  it  often,  from  its  abundance,  causes  the  bread  to 
assiune  in  patches  the  same  colour.    This  is  the  Oidmm  orantiacum. 

Vibriones. 

These  also  are  sometimes  found  in  moist  and  damaged  flour. 
The  Bearded  or  Poisonom  Darnel. 

The  noisonous  grass,  Lolium  temulentum,  or  damd,  is  by  no  means 
of  uncommon  occuiTence,  and  numerous  accidents^  have  from  time  to 
Sue  occui-red,  in  consequence  of  its  becommg  mixed  either  with  the 
flour  of  wheat,  or  some  other  cereal  fanna.      „  ,  .  . 

The  eftects  of  darnel  on  man  are  thus  described  by  Pereira:— 

'  Thp  ill  effects  of  the  seeds  of  bearded  darnel  on  man  were  Imown 
tn  the  ancient  Greeks  and  Romans.  The  symptoms  which  they  pro- 
duce are  twofold  :  those  indicating  gastro-intestmal  irntation,-Sucn  as 
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spS^?  sf  r  \  "^^'"^  ^"se  from  disorder  of  the  cerebro- 

eaS  co7f  !•      r^,^'  giddiness,  languor,  ringing  7n  the 

SbZ  Z  P"P^^'  delirium,  heaviness,  somnolency 

to  be  aofn  2  paralysis.    These  seeds  therefore  apS 

be  acro-narcotic  poisons.    According  to  Seeger,  one  of  the  most 


Kg,  92. 


^^S^       j  tre^hling  of  the  whole  body. 

^neral  they  have  arisen  from  L  i!!! ''^r"^^^^^^  poisoning  In 
-is  w.th  other  cereal  grains"^  In  a  ^^^0  i^'  ^^^-^^^^ 

P«8on  at  Cologne,  sixty  persons 
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suffered  from  the  use  of  a  bread  meal,  containing  a  draclim  and  a  half 
of  Lolimn  temulentum  in  six  ounces  of  nieal.  _ 

As  the  chemical  teats  for  darnel  when  mixed  with  flour  are  not 

.er3^:facto.;y^^^^^^^^^^^^^^ 

ZSl:r;::^:\^^^^^^-^^  these  m  the  state  of  flour  they 

"'VhtS^^cl^tpidt  resemble  wy  closely  those  of  rice  in  form- 
that  is  they  are  polygonal-hut  they  are  much  smaUer,  and,  like  those 
S  the  oat  they  a^-e  frequently  united  into  compound  grainy  of  yanous 
^Lttt^ll^i  grains'  conskng  of  some  fifty  or  sixty  starch  cor- 

^""'The  structure  of  the  testa  is  yery  different  frona  that  of  either  rice 
ih.  nat  or  indeed  any  of  the  other  cereal  grains  :  it  is  formed  of  three 

nee :  the  fibres  ot  tje JiusK  oi  rice  a 

S:'lorS  Sw:rX  K^e  ^  t.e  ^.y  a.  but 
--Tf  cSoTi:  ^-^aC:^^^^^^^^         jn  two  WUo^ 

''''we  haye  now  to  consider  the  diseases  of  com  produced  not  by  the 
inyasion  of  parasitic  fungi,  but  animal  productions. 

THE  WEEyiL. 

Wee.'il  Calandm  qranana,  is  of  frequent  occurrence  in  gmin 

'f^^^         iTn    K  ^^^^^^  ^t  wiU  be  found  to  con- 

SfcSefly  of  aXil  ^th  the^starch  eaten  away^  It  is  of  much  more 
Sequent  occm-rence  in  the  gram  than  in  the  flour. 

ON  BAB  COCKXE,  PTTRPLES,  OR  PEPPEECOEN. 
{Vibrio  tntici.) 

Th9  sratos  affected  turn  green  at  first,  and  -d'™'''!/ "^f^^^^^ 
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are  _  readily  obsei-vable  amongst  the  standing  corn.  The  blighted 
grains  are_  filled  with  a  moist  cotton-like  substance  and  contam  no 
tloiir.  This  substance  is  composed  of  myriads  of  eel-shaped  animal- 
cules, which,  as  soon  as  moistened  with  water,  exhibit  the  most  active 
movements  (fig.  93).  A  most  extraordinary  circiunstance  connected 
with  these  animalcules  is,  that  they  may  be  so  perfectly  dried  that  on 
the  slightest  touch  they  break  up  into  powder,  and  yet,  when  moistened. 


Pig.  93. 


SeronBTiBnioTninci,  magnified  100  diameters.  Drawing  made  from 
preparation  belonging  to  the  late  Dr.  Pereira. 

they  will  revive,  and  become  as  active  as  at  first.  This  operation  mav 
SaUy  destroyed  animalcules  is 

OK-  THE  WHEAT  MTDGE. 

{Cecidomyia  tritici.) 

This  is  a  two-winged  fly,  which  may  be  seen  in  myriads  in  the 

aStThe  1  7'/  '""t  Wseven  to  nine  ollock,  fly 

about  the  wheat  for  the  purpose  of  depositing  its  eggs  within  thi 
blossoms ;  the  eggs  become  hatched  into  yeUow  ma||ots  or  cater- 
pillars, and  by  these  the  mischief  is  occasioned;  they  ?ause  the  non- 
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development  of  the  ovary,  so  that  the  g-^^  an 
conditfon  at  ^^^^^^JZ^o^y,.^^^^  atd  therf  A  figure 
7Z^lS:^l£^  '^ut'f-d  in  the  '  Transactions  of  the 
Linnsean  Society.' 

ACAKTJB  FAMNiE. 

This  mite  is  never  present  in  flour  unless  this  tasljecome  damaged. 
It  dIffersTolderahly  L  structure  from  the  sugar  mite  (fig.  94). 

Fig.  94. 


Another  species  ot  ^r^,  -t  with  on  one  occasion  in  whe.t 
flonr,  is  exUMtei  in  the  engraving,  flg.  85. 

IHE  AiraraElTIOSB  OF  FWOT. 

Tie  adulterations  .0  which  ^t^'^Sl^^^^^  " 

consist  in  the  addition  of  either  ™«c*»™  "  ?i  S  head,  which  are 
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13  not  made  SO  much  for  the  sake  of  profit,  as  to  render  certain  de- 
scnptions  of  flour  more  tenacious  when  made  into  dough,  beaTmeal 
effecting  this  object  in  consequence  of  the  large  quantitfof  glutinous 
matter  which  it  contains.  In  the  case  of  genuine  wheat  flouf  of  good 


Pig.  95. 


'^^^"^^^S^^^^^  damaged,  beans 

^ser^td^bftLtSnT?^^^^^^^  ^  The  purpose 

:8ake  of  adulteration,  is  not  apparent  siJ^lT  a      "^/'^"^Y'lj  for  the 
'bind  better.    It  is  said  indeert^ caCifto  hn^  ^'''^ 
;  possibly  has  some  effect  in  whiteniugTt.  "^"''^  ^^^^''^  ^""^ 

T 
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Again,  in  some  cases,  hurley,  rye,  Indian  corn,  and  iwtato  flourf- 
have  been  added  to  wheat  flour. 

According  to  tlie  evidence  of  INIr.  Emerson,  the  manager  of  Ihe 
People's  Flom-  Mill,'  at  Leeds,  given  hefore  the  Parliamentary  Com- 
mittee on  Adulteration  in  1855,  wheat  flour  is  frequently  adulterated 
with  ahout  twenty-five  per  cent,  of  harlexj  flour,  which  is  not  much 
more  than  half  the  price  of  wheat  flour.  ,     j  i 

The  following  very  curious  evidence,  in  regard  to  the  adulteration 
of  wheat  flour,  was  given  hefore  the  Committee  above  referred  to  by 
Mr.  Potto  Brovni,  amiUerof  forty  years'  standing,  and  whose  business 
was  chiefly  in  London : —  ^  • 

'Barley  is  mixed  with  wheat  in  some  districts  to  cheapen  the 
price  In  other  districts  wheat  is  mixed  with  barley  to  improve  the 
quality,  particularly  in  Northamptonshire.  The  poor  people  consider 
barley  more  nutritious  than  wheat  flour.  I  do  not  know  that  that  is 
the  case  ;  I  am  doubtful  of  the  point,  but  it  is  the  universal  opinion  ot 

the  poor  people.'  „       t    j  i  4. 

Ae-ain :  '  To  give  the  above  qualities  to  my  flour,  I  add  one  part 
of  bean  flour  to  sixty  parts  of  wheat  meal ;  never  more  than  one  m 

^"^^"^^White  peas  improve  the  appearance  of  flom-,  but  not  the  quality, 
and  are  put  in  to  cheapen  it.'        „     .  ,   ,   ,    ^       .^^  xi,  - 

Sir  J.  Gordon,  mayor  of  Cork,  furnished  the  Committee  with  tht- 
following  evidence  in  regard  to  the  use  of  Dari :—  _ 

'  There  is  an  Egyptian  grain  caUed  Dari,  that  was  imported  m 
very  larcre  quantities  at  one  time  into  Cork;  that  to  a  moral  certemty 
was  for  the  pm-pose  of  mixing  with  wheaten  flour :  they  were  able  t« 
sell  that  for  6Z.  a  ton,  while  the  other  was  bringing  nearly  three  times 
that  amount.' 

The  Adulterations  of  Cones  Flour. 

There  is  an  article  in  common  and  daily  use  by  bakers,  denomi- 
nated'Cones' or  '  Cones/owr.'  ,     ,  1  ffl^,,^ 

Dr  Paley,  of  Peterborough,  brought  the  author  a  sample  oi  flour 
for  examination,  seized  on  suspicion,  and  which  he  stated  the  baker 
called  '  Cones  Flour.'  On  subjecting  this  to  microscopical  examination, 
it  was  foimd  that  it  consisted  entirely  of  rice  flour. 

This  led  to  further  enquiiies.  The  author  soon  learned  that 
genuine  cones  flour  consists  of  the  floui-  of  a  pai-ticular  species  ot 

wheat  called  Revet.  ,    ,       j     i  „„ii 

Further,  that  it  was  employed  by  bakers  to  dust  the  dough,  as  well 
as  the  boards  upon  which  this  is  made  into  loaves,  the  object  ot  its 
use  being  to  prevent  the  dough  either  adhering  to  the  boai-ds,  or  the 
Ion  VPS  to  each  other,  in  the  course  of  baking.  „      ,  , 

HavLt  learned  thus  much,  the  author  procured  from  bakers  nmne- 
rous  samples  of  cones,  and  subjected  them  to  examination  ;  and  twenty- 
samples  of  cone's  were  thus  examined  with  the  microscope,  from 


FLOUR  AND  ITS  ADULTERATIONS. 


323 


which  it  appeared  that  five  of  the  samples  were  genuine,  and  consisted 
ol  wheat  flour,  and  that  the  other  samples  were  mixtiu-es,  sometimes 
without  any  wheat  floui-  at  all,  of  rye,  rice,  bean  and  Indian  corn 
flom",  the  rice  flom-  being  the  most  frequent  constituent. 

In  fact.  Cones  Jlour  is  rarely  to  be  obtained  ryenuine,  but  is  subject  to 
an  enormous  amoimt  of  adulteration ;  this  usually  consisting  in  the  addi- 
tion of  very  large  quantities  of  rice,  rye,  barley,  bean,  and  Indian  corn 
floiurs,  and  sometimes  of  salt  and  alum.  Some  of  the  samples 
did  not  contain  a  particle  of  tvheat flour,  of  which  alone  they  should 
consist. 

The  object  of  these  additions  is  obviously  to  cheapen  the  article  • 
and  that  this  piu-pose  is  effected  sometimes  to  the  extent  of  nearly 
one-half  might  be  readily  proved  by  quoting  the  several  market  prices 
ot  the  different  varieties  of  grain  above  referred  to. 

That  this  is  really  the  object  may  be  shown  in  another  way :  several 
qualities  of  cones  flom-  are  sold,  the  best  being  nearly  twice  the  price 
price  adulteration  being  usually  in  proportion  to  the 

_  Two  questions  now  present  themselves  for  consideration  in  connec- 
tion with  cones  flom-:  the  first  is,  whether  any  real  necessity  exists 
tor  the  iise  of  even  genuine,  much  less  adulterated  cones  flour ;  and  the 
second  IS,  whether  this  flom-,  especiaUy  when  adidterated,  as  it  usually 
is,  IS  ever  applied  to  any  other  purpose  than  that  avowed. 

The  first  question  is  almost  sufficiently  answered  by  the  fact  that 
some  do  not  use  cones  floitt  at  aU,  and  yet  do  not  experience  any  great 
difficulty  m  the  manufactiu-e  of  the  bread ;  there  is  therefore  ^o-ood 
reason  for  believing  that  price  has  very  much  to  do  with  the  a-eneral 
employment  of  cones  flom-,  even  in  those  cases  in  which  it  is  reaUv 
used  to  prevent  the  adhesion  of  the  loaves. 

With  regard  to  the  second  question,  there  can  be  no  doubt  but  that 
cones  flour  IS  frequently  employed  in  the  adulteration  of  bread  •  this 
IS  shown  m  some  cases  by  the  character  of  certain  of  the  adulterations 
to  which  It  IS  subject,  namely  those  bv  admixture  with  bean  flour 
alum,_and  salt.  IS'ow  bean  flour  is  actually  of  a  more  glutinous  and 
adhering  natiu'e  than  pure  wheat  flour  of  good  quality,  and  therefore  its 
presence  tends  to  mifit  it  for  the  veiy  pm-pose"  for  which  it  is  alleged 
tnat  It  is  designed. 

But  some  bakers  have  even  acknowledged  to  the  employment  of 
cones  flour  for  the  purpose  of  adulteration,  for  which,  from  ite^ompo- 
suS    P^*"'^^^  ^^^"^  atlulterated,  as  it  constantly  is,  it  is  so  well 

Supposing  however,  the  cones  flom-  to  be  emploved  for  dustino- 

In  the  article  cones  flour,  prepared  by  millers,  bakers  then  ire 

[rofmfxtre';:fT-?'"1  avowedly^heat^floi.,  but  wS,*tnsist: 
mg  of  mixtures  of  different  and  cheaper  flours,  is  in  every  way  suited  for 

y  2 
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the  adulteration  of  bread  ;  and  that  it  xs  extenBively  used  for  this  pur- 
pose cannot  be  doubted.  The  system  adopted  by  millers,  of  f  PPV"?- 
Snder  the  names  of  cones  flour  and  wheat  flour  compounds  adapted 
for  adulteration,  is  surely  very  cunningly  devised  The  public  know 
nothinc^  of  this  article,  the  master  bakers  themselves  are  ignorant  of 


Fig.  96. 


Adulter 


■ated  CONES  Vwxm,  consisting  of  a  mixture  of  wheat,  rice,  and  lean  flours. 
Magnified  225  diameters. 


has  Ao  idea  that  he  is  adulterating  the  bread. 

case  of  cones  flour  affords  another  example  of  ^li^t  the 
nxicJorcope      cWaWe  of  eftecting  in  connection  with  the  subject  of 
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adulteration.  Had  it  not  teen  for  that  instrmnent,  it  -would  have  been 
utterly  impossible  to  have  ascertained  by  scientific  means  the  compo- 
sition "of  the  heterogeneous  mixture  called  cones  flour. 

The  admirable  engraving  (fig.  96)  exhibits  the  characters  presented 
by  a  sample  of  so-called  cones  flour,  composed  of  wheat,  rice,  and 
bean  flours.  It  is  diflicult  to  determine  which  is  the  most  excellent, 
the  drawing  of  Mr.  Tuften  West  or  the  engraving  of  Mr.  Hart. 

'  Occasionally  in  times  of  famine  other  vegetable  substances  are 
mixed  with  floiu-  and  bread — chestnuts,  acorns,  &c.  In  1835,  during 
famine,  fatal  dysentery  appeared  in  Konigsberg,  owing  to  the  people 
mixing  their  flour  with  the  pollen  of  the  male  catkins  of  the  hazelbush. 
In  India  the  use  of  a  vetch,  Lathyrus  sativus  (Kessaree-dholl),  with 
barley  or  wheat,  gives  rise  to  a  special  paralysis  of  the  legs,  when  it 
exceeds  one-twelfth  part  of  the  floiu'.  The  L.  cicera  has  the  same 
eflTect.' — Parkes. 

Wheat  fiour,  especially  that  imported  from  foreign  coimtries,  is  apt 
to  be  contaminated  with  the  farina  or  flour  of  a  variety  of  other  grains, 
as  of  hucliwheat  {Polygonum  fagopyrmYi) ;  of  millet,  Panicmn  milia- 
ceum ;  purple  coiv-wheat  {Melam2yyru7n  arve^ise)  ;  Trefoil  (trifolium 
arvense)  ;  Sainfoin  or  yelloio  rattle  {Rhinanthus  major^.  It  does  not 
appear  that  any  of  these  grains  possess  injurious  properties,  although 
some  of  them,  as  the  pm-ple  cow-wheat,  ti-efoil,  and  sainfoin  impair 
the  colour  of  the  bread  made  from  floui"  containing  any  notable  pro- 
portion of  these  grains,  causing  the  bread  to  exhibit  a  violet,  violet- 
red,  or  bluish-black  colour.  For  further  information  in  reference  to 
these  grains  the  reader  is  referred  to  Parkes'  '  Hygiene.' 

The  Mineral  Adulterations  of  Flour. 

Large  quantities  of  damaged  wheat  flour  are  annually  sold : 
this  is  usually  more  adulterated  than  any  other  flom',  in  a  variety  of 
ways,  to  render  it  saleable ;  as  by  admixtm-e  with  other  flours,  with. 
alum,  and  carbonate  of  soda.  The  object  of  the  admixture  of  alum 
and  soda  is  to  harden  the  partially  decomposed  gluten,  and  to'  correct 
the  acidity  resulting  from  decomposition. 

Alum  is  frequently  added  also  to  sound  flom\  This  is  done  to 
cause  tlie  bread  made  from  it  to  appear  whiter  than  it  would  otherwise 
do.  This  addition,  like  the  majority  of  the  adulterations  of  flour,  is 
practised  by  millers.  A  miller  who  was  fined  for  adulterating  his  flour 
with  alum  had  no  less  than  600  lbs.  of  that  substance  on  his  premises 
at  the  time  of  the  discovery. 

A  substance  called  mineral  white,  which  is  hydrated  sulphate  of 
lime,  is  occasionally  added  to  flour.  Several  millers  have  been  con- 
victed for  putting  this  substance  into  flom*. 

Comdctions  have  also  taken  place  for  using  silicate  of  alumina, 
other  names  for  which  are  China  clay  and  Cornish  clay. 

A  variety  of  other  substances,  it  has  been  alleged,  have  been  and 
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are  used  for  the  adulteration  of  floui-,  as  bone  ashes,  bone  dust,  white 
day  and  challi,  or  carhonate  of  lime  ;  aud  it  is  most  probable  that  tlie 
majority  of  them  have  been  thus  employed,  although  we  are  not  our- 
selves acquainted  with  any  recent  cases  of  their  detection  in  flour.  To 
some  of  these  substances  we  shall  again  refer  when  noticing  the  adid- 
teratious  oi  bread. 

The  use  of  another  mineral  substance,  carbonate  of  mag-rmia,  has 
even  been  specially  recommended  by  Mr.  C.  Davy,  on  the  ground  that 

Pig.  97. 


Bean  Floto.   Magnified  420  diameters. 

it  improves  the  coloiu-  of  new  and  inferior  flom-,  and  increases  the 
vield— neither  of  which  results,  so  far  as  the  public  is  concerned,  are 
in  the  least  desirable.  The  increased  jdeld  simply  signifies  more 
water.  The  quantity  of  magnesia  required  varies  from  20  to  4U  grains 
to  a  poimd  of  flour. 

THE  DETECTIOIT  OP  THE  ADTJXTERATIONS  OF  PLOXJE. 

The  various  substances  employed  in  the  adulteration  of  flour  may 
be  divided  into  organic  and  inorganic.  Under  these  heads  are  included 
the  various  articles  which  have  been  emunerated  in  the  previous 
section, '  The  Adulterations  of  Flom-.' 
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Detection  of  the  organic  adulterants  of  four.— The  only  means  hv 
which  the  acliUteration  of  wheat  floiir  with  the  other  kinds  of  flou^ 
euumerated  can  be  discovered  is  by  the  microscope 

The  characters  of  the  starches  of  the  several  floiirs  used  in  the 
adulteration  of  wheat  flour  and  bread  have  a  Wy  been  described  ^th 
the  exception  of  potato  starch  and  bean  flom-.  ' 

Bean  flour  is  disting-uished  from  the  other  flours  used  by  the  oval 
or  remfonn  shape  of  the  granules,  the  elongated  and  divided  character 

i;ch%'c:;Pci:s'(S;       ^^'^  ^-''^ 

Tig.  98. 


Wheat  Flour,  adulterated  with  hean  flour.  Magnified  420  diameters. 


Fig  100  represents  the  characters  of  the  cells  of  which  the  nofnfn 
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difference.  The  discrimination  may,  however,  be  effected  in  a  very 
satisfactory  manner,  by  means  of  the  portions  of  husk  present  m 
the  flour.  The  structui-al  peculiarities  of  the  testa  and  ot  the  cells 
formin-^  the  surface  of  the  grain  of  wheat  and  barley  have  already 
been  pointed  out,  and  to  the  description  of  these  reference  may  now  be 

"^^The  adulteration  of  flom-  vfith  Durra  is  also  discoverable  by  means 
of  the  microscope. 

Pig.  99. 


WHEAT  FLOUR,  adulterated  .vith  rice.   Magnified  4:10  diameters. 


Or,  the  structure  of  '  Burra;  Holcm  Duira  satims,  Forshdl; 
So^X^!^^^r:%\^/i^^i^  of  thL  grain  or  seed  may  be  descnbed  as 

^^Iti'flVlrS^^^^^^^  or  four  layers  of  thick-walled  cells 

rather  smaU,  about  Vee  tunes  longer  than  broad,  and  having  the 
.,,ar(rlii<5  finelv  beaded,  somewhat  as  m  capsicum.  .  ,  . 

"'The  Si  coat  consists  of  several  layers  of  cells,  with  thin  walls, 
;i  fill  or!  with  small  but  angular  starch  corpuscles.  ,    u  .i. 

resembles  that  of  most  of  the  other  seeds  of  the 
gramine,  and  consists  of  a  single  layer  of  angular  gluten  cells,  bu„ 
which  are  unusually  small. 
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The  substance  of  the  seed  resembles  very  closely  that  of  Indian 
corn,  differing  chiefly  in  the  larger  size  and  greater  angularity  of  the 
starch  corpuscles,  as  well  as  the  steUate  character  of  the  hilmn 
(fig.  101). 

The  last  organic  adidteration,  the  method  for  the  discovery  of  which 
we  have  to  describe,  is  that  with  bone-dust.  Bone-dust  consists  of 
the  dust  or  flour  of  bones ;  now  bones  possess  a  well-defined  structm-e 
which  is  to  some  extent  traceable  in  the  flour;  again,  bone  Horn 

Kg.  100. 


^Vkeat  FUur,  adulterated  with  Mian  Co,^  flour.   Magnified  420  diameters. 


rit^^sitejSr^^^^^^  -.t^e  application  of 

flour  with  the  microscope  we  di™!  '  •  fr^"'""  '^"^P^^  «f 
adding  a  smaU  .  T^  "^  'f'''^^  ^°°y  particles,  or  if,  on 

while^unde^  tibe^ScSoI  nS"""  f  f''^^'  ^« 

appear,  it  is  ceS Tat  'tK         ^  ^^^^^^  J^l^^^ 

Theq4ntityof  bor-dSfuseli^      adulterated  with  bone-dust. 

of  phosphatj  of  Se  SntwTt\  ' '^^'^  ^'"""^  1^^°^^*^ 
floi^.    ^  contained  m  the  ash  of  a  given  quantity  of  the 

theitctit  a{lttLXnVf?tr'^''  of  Jl,ur.-The  processes  for 
on  ana  estimation  of  chalk  or  carbonate  of  Ume,  carlomte  of 
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manneda,  sulj^hate  of  lime,  mi  soapstojie  or  silicate  of  maf/nesia,  Onna 
clay  or  Mccte  of  alumina,  have  already  been  descnted  in  the  article 
on  '  Tea ' 

We  have  then  now  only  to  consider  the  methods  by  which  car- 


Pig.  101. 


/,„,r«.  A,tranBverse  section  of  testa;200.«,  out^^^^^^^^^^ 
sSch  from  testa  and  from  substance  of  grain. 


FLOUR  AND  ITS  ADULTERATIONS.  331 

honate  of  soda  alum,  ov  sulphate  of  potash  and  alumina,  and  sulphate 
of  copper  may  be  detected  and  estimated.  »>^ipnaT,e 
I  he  detection  of  carbonate  o/sof/«._The  ash  of  wheat,  and  of  the 
ptJier  cereal  gi-ains  as  will  he  seen  from  the  analyses  already  o-iven  is 

^J' therefore,. theash  eLihits  dec&Ki  ! 
vescence  on  the  addition  of  an  acid,  it  may  he  safely  assmned  that 

LTnl^'Tr  ^""^  ^^^^  ^^^^^  ^«  flom/mStT-ohahly 

carbonate  of  hme,  magnesia,  or  soda.  The  soluble  poisons  of  Jhe  aS 
should  be  exti-acted  with  water,  and  the  solution  eyapZted  •  if  now 
a  distmct  etieiTescence  is  obtained 'on  the  addition  Tan  add  tE 
can  be  no  question  but  that  a  carbonate  of  an  alkali  has  been  add  ST,! 
all  pi-obabihty  carbonate  of  soda,  the  amount  of  which  hoTevt  it 

BuTfcttt  7-l,^ka^-etrical  or  graWtrfcarmethod 
decidSlyaSalSf  tn  been  added,_  the  bread  itself  will  be 

bS  3  iT     ^  ^''P^''' ^^'^  ^g-'^™'  ill  tliose  cases  in  which 

If  no  etfervescence  occm-,  the  carbonate  will  be  foSid  Jhl" 
We  o^-T'"  '^^^        consist,  r;ii?ady^ated  of  car"- 

irb?L"dr"^^'^^'  '^^-^  quantitatiJdetSilfons 


On  the  detection  of  alum. — The  full  rlp+p^lo  +i, 
'Bread.'     ^  P'^"^^"'       ^ts  detection  also  under  the  head  of 
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CHAPTER  XII. 
BREAD  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  vegetable  or  mineral  substance,  including  alum,  but  r.ot  yeast 

and  salt. 

THE  MANTJPACTTJKB  OF  BBEAD. 

The  word  'Bread'  may  l)e  applied  not  only  to  the  flour  of  wheat 

irto  that  of  any  othe/graJwhen  mixed  w^^^^^^^^ 

light  and  porous  by  the  action  of.  c^^'l^^f  ^.^^^^^i^^' 3,  ^^^^   w  the 

°  Three  methods  are  employed  m  rendering  f  ^/^^^^^f^^^^ 
use  of  yeast,  of  leaven,  or  hy  the  employment  of  certam  ^al^e jub 
stances  from  which  carhonic  acid  ^^^^^^ens 
^Xfrrch ,  In^  in  tSr  itlsXT"  from  a  ear- 

"'■*Ta"So'^-of  cheap  W.  iou.  of  intemr  c,.lij  is  fte- 
,™„tl,uJa  Lathis  j^^^^^^^^^ 
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lightness  arising  from  the  peculiar  tenacity  of  the  gluten,  which  causes 
tJie  dough  to  retain  the  carbonic  acid  more  strongly  in  its  interstices 

vvjienflom-,m  the  moist  state,  is  exposed  to' the  air,  the  nitro- 
genous matter  contained  in  it  undergoes  a  peculiar  decomposition 
whereby  It  acts  as  a  ferment,  a  portion  of  the  starch  beiuo-  converted 
into  dextrin  and  glucose,  and  the  latter,  as  well  as  the  glScose  ori<>i- 
nally  present  in  the  flom-,  in  its  tm-n  is  changed  into  alcohol  and 
caroonic  acid. 

Now,  a  portion  of  dough  thus  altered  is  capable  of  inducin'^  similar 
changes  m  a  very  much  larger  quantity  of  sound  floui-,  and  hence  it  is 
caUed  leaven :  '  a  little  leaven  leaveneth  the  whole  kmip  ' 

One  of  the  oldest  methods  of  inducing  fermentation  in  flom-  is  bv 
the  use  of  leaven  but  its  employment  is  now  chiefly  confined  to  the 
coarser  kinds  of  bread,  as  the  black  bread  of  Gemany,  but  for  the  finer 
sorte  yeast  is  now  generaUy  used,  or  a  mixtm-e  of  yeast  and  leaven 

In  this  coimtiy  leaven  is  rarely,  if  ever,  employed,  but  ahnost 

it'  s  SoS  ^Tr  d^-d  state,  when 

it  IS  known  by  the  name  of  German  j^east. 

The  following  is  the  ordinary  method  of  bread-makin?  piu-sued  •- 
A  certain  quantity  of  potatoes  are  boiled,  peeled,  mashed,Ct  S^^o^ 
pail  or  other  smteble  vessel,  mixed  with  flour,  salt,  warm  aj 
some  yeast,  and  allowed  to  stand  in  a  warm  place.  After  a  time  fer- 
mentation sets  m,  and  the  yeast  begins  to  develope  at  the  expen  Hf  the 
potatoes  and  floiu^  tm  the  whole  becomes  in  an  active  state  of  femen! 
tation  formmg  what  is  technicaUy  known  as  the  sponge. 

After  the  apse  of  some  time  the  sponge  sweUs  up  from  the  e-enera- 
£Tarl\fbrer?Sir"'''*?^^^^  cUngtothe  siJ-face and efcaplng 
a'nSrJonL^sp^^^^^^^^  ^"^^^"^ 

When  the  sponge  is  in  an  active  condition  fresh  portions  of  fln„r 

they  are  then  ti-ansferred  to  the  oven  to  be  baked    ThP  W       'i^  ? 
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dough  remaining  from  the  last  hatch  of  bread,  and  condsting  of  8  lbs. 
flour  and  4 lbs.  water,  is  left  to  itself  for  ten  hours;  in  this  state  it  is 
called  fresh  leaven  (Zeyflm  de  chef).    By  kneading  this  with  another 
quantity  of  8  lbs.  of  flom-  and  4  lbs.  water  the  once-re«ved  leaven 
(lemin  de  premier)  is  obtained.   After  another  interval  of  eight  hours 
16  lbs.  of  flour  and  8  lbs.  of  water  are  added,  forming  the  twice-revived 
leaven  Qevuin  de  second)  ;  and  after  three  hours  more  100  lbs.  of  flour 
and  52  lbs.  of  water,  containing  \to\  lb.  beer  yeast  are  added,  forming 
the  finished  leaven  {levain  de  tout  point).    The  200  lbs.  leaven  thus 
obtained  are  mixed  after  two  hours  with  132  lbs.  of  floiu-  and  08  lbs. 
of  water,  containing  ^  lb.  of  yeast  in  suspension  and  2  lbs.  common 
salt  dissolved.    This  quantity  of  dough  serves  for  five  or  six  bakings. 
For  the  first  hairing  half  the  dough,  200  lbs.,  is  made  into  loaves  of  the 
reauired  size  and  form,  which  are  exposed  for  awhile  m  shaUow 
baskets  to  atemperatm-e  of  25°  0.,  equal  to  77°F.,  and  then  trans- 
ferred to  the  oven.    The  bread  thus  obtained  has  a  sounsh  taste  and 
dark  colour.    The  remaining  half  of  the  dough  is  again  mixed  with 
132  lbs.  of  flour,  70  lbs.  of  water,  \  lb.  of  yeast,  and  the  requisite  quan- 
tity of  salt ;  the  half  of  this  quantity  of  dough  is  then  formed  into 
loaves,  left  to  ferment  and  bake.  _  ,       r^i   j  v, 

'  The  same  operations  are  repeated  three  times,  one-half  oi  the  dougti 
beino-  each  time  mixed  with  130  lbs.  of  flour,  H  lbs.  of  yeast,  and  the 
proper  quantity  of  water  and  salt.  The  last  stage  yields  the  finest  and 
whitest  bread.'— TTatts's  Dwitonfwt/.  ^  ,     ,         ^  p 

We  will  now  describe  very  fully  the  structure  and  development  ot 
yeast. 

TEAST,  OR  THE  TEAST-PLANT. 

The  substance  known  as  yeast  is  in  reality  a  plant,  belonging  to 
the  tribe  of  funqi ;  it  consists  of  a  multitude  of  minute  oval  or  circular 
bodies  or  sporules,  endowed,  under  certain  favourable  cu-cumstance^, 
with  extraordinary  powers  of  growth  and  multiphcation 

Three  kinds  of  yeast  are  employed  m  the  manufacture  of  biead, 
viz.,  brewer's  yeast,  German  yeast,  and  patent  yeast.  Some  bakere  use 
one  and  some  another,  but  the  greater  number  make  use  of  patent 
yeast  on  account  of  its  cheapness.  The  fungus  is  the  same  species  m 

brewer's  yeast— This,  as  is  well  known,  is  of  a  Ught-brown  or  fawn 
colour,  and  of  a  frothy  consistence  ;  when  recent,  it  is  in  constant 
movement,  and  bubbles  of  gas  escape  from  it. 

Examined  with  the  microscope  it  is  seen  to  consist  of  innumerable 
minute  bodies  termed  sporules,  of  variable  size,  some  circidar  and 
others  oval,  and  all  intermingled  with  very  many  globules  of  carbomc 
acid  gas.    These  sporules  multiply  rapidly  when  the  yeast  is  m  an 

R-re?^tnd  bakers  '  distinguish  yeast  according  to  the  quality  ot 
the  beer  from  which  it  is  obtained.  Ale  yeast  is  the  best  and  sti-ongest, 
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and  is  used  for  bread-making.    Porter  yeast  is  objected  to  by  balvor, 
but  IS  used  m  distiUeries.    Small  heer  yeast  is  said  to  be  4a?  w' 
rapid  m  its  effects,  and  is  sometimes  used  in  makino-  rolls. 

German  yeast.-ThiB,  which  is  sometimes  called  '  dried  ye^t ' 
consists  of  sporules  only,  with  but  little  adherent  moistiu-e  and  no  Ss 
It  forms  a  pas  e-like  substance,  and  is  obtained  from  aTrmS' 
hquid  by  filtration.    It  is  imported  into  this  country  pSnLX  f  om 
Germany,  m  hempen  bags,  each  holding  half  a  hund/edweiX\^^^^^^ 

We  believe  that  this  yeast  is  perfectly  wholesome  and  thnf  ,in 
foundation  existed  for  the  reports,  someth^e  since  seTon  foot  thot^t 
possessed  mjm-ious  properties.    It  is,  howeyer,  sometimS  tlnlt, 
ated.with   a  considerable  quantity ^f  ^.>/.,,roi  :ili^^^^^^^^^ 

cold^td^Sicl  'ZXl'T'vi^..^^^^^^ 
stance  in  reference  to  theTft' "et  omoSsTn  "eas?^ 

^ery  cimous  fact  was  mentioned  to  me  by  the  imnnrfpv  nf  P 
man  and  Dutch  yeapts  in  Finch  Lane,  Oornhil  f  LondSf    It  ^  ?w 
mechanical  inim-y  kills  or  destrovs  vpUf     -p^,.!-  ■  • 

pound  WI,for  „te  ar/oHiged  to  Cfeif^^T^^^^^^^^ 

becomes  rotten;  and  from  So  cruiXy  o?  nJl^^  ^* 
glutinous,  stick^to  the  fin<.eis°lirZu-.l^r  7'* 
haye  subletted  iome  of  tKiurid  nrrX^  ^  I 
ami^ation  but  haye  l^efiSXt^'d^tett^^^^^  - 
ance  from  healthy  yeast   Thp  f>ffor.+    ^,„„i,    •    ,  .  ^.^^"^^  m  its  appear- 

by  several  writeS    Thus  itS'^r^^^^^^^^^ 

minishes  the  power  of  yeast  to  exHtP  ?  *  "'""P.^^  V^^ssnve  di- 

.  Mate,-ia  Media.         ^  ^'''''^^  fermentation. '-Pe,.,e,.„., 

lit  ^T^t^^^^^^^  ^^on  of  malt  and  hops. 

;yeast-plant  in  suspTnsi^n.  'The  Cs  fre  aS^^  'P<^^^^?  «^  the 
t  from  becoming  souj.  P    ^  ^"^^^^  *°  V^ev&rxt  the  liquid 

tto  an  infusion  containinf- eithe/lror 

■  Bnhstances  supply  the  food  or  nourishm™t^,t  V*^^""'-  Tteao 

.grow  and  na^ply^ith  -ch^^dSjr'JC.t^^^^M 
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conversion  into  carbonic  acid.  Yeast-cells  in  the  course  of  a  few 
daj's  make  their  appearance  in  a  simple  infusion  of  malt,  and  sometimes 
even  of  flour. 

Patent  yeast,  before  being  mixed  with  the  flour,  is  often 
allowed  to  drain  through  a  copper  basin  or  sieve  perforated  with 
numerous  holes ;  by  this  means  the  chief  part  of  the  mashed  potato 
employed  in  the  preparation  of  the  yeast  is  separated. 

Fig.  102. 


TWs  dra-nnng  exhibits  the  spornles  of  which  a  sample  of  Patent  Teast  was  com- 
posed ;  they  differ  from  the  sporiiles  of  ordinary  j'east  in  their  smaller  size, 
oval  foi-m,  and  in  being  frequently  united  in  twos  and  threes  ;  they  appear 
to  belong  to  a  distinct  fei-mentation  fungus,  but  their  development  was  not 
followed  out.  Dra^n  with  the  Camera  Lucida,  and  magnified  220  diameters. 

Discovery  of  the  Develojmient  of  the  Yeast-plant. 

Few  productions  have  created  more  interest  or  excited  greater 
discussion  than  yeast ;  its  nature  and  the  mode  of  its  operation  have 
been  made  subjects  of  keen  enquiry  and  dispute. 

These  points  are  now,  however,  to  a  great  extent  set  at  rest ;  its 
funo-oid  character  is  generally  admitted,  and  its  modus  operandi  in 
panification  is  well  understood. 

In  one  particidar,  however,  the  history  of  the  yeast-plant  was  tor 
a  long  time  incomplete :  this  related  to  its  development. 
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Most  observers  admit  that  the  yeast  fimgiis,  as  met  with  in  the 
different  forms  of  yeast  in  use,  is  in  an  incomplete  state  of  develop- 
ment, and  many,  influenced  by  this  conviction,  have  made  attempts  to 
discover  the  plant  in  its  perfect  condition. 

Thus  Turpin,_in  the  ardom-  of  scientific  zeal,  spent  a  whole  night 
in  a  brewery,  with  a  view  to  trace  out  the  successive  steps  in  the 
development  of  the  yeast-plant ;  and  although  he  has  stated  that  he 
made  out  distinctly  that  the  cells  or  sporules  became  multiplied  by 
budding,  and  that  they  adhered  together  in  twos  and  even  in  rows 

Fig.  103. 


menf  o^tifofJ"^^"*^  ^'^f  ^^^'^  '  in  the  first  stage  of  its  develop- 

SeStatlonofbrPr?Pn«;  ^  .^f'ej'^Uymet  with,  and  as  used  in  the  f  e?- 
i^t^mixed  L^th^Jhhw  an  immense  number  of  similar  sporules 

according  to  the  time  which  had  elapsed  after  the  commencement  of 
germination,  yet  as  we  shall  presently  see,  he  failed  to  discover  the 
yeast  fungus  m  its  perfect  form.  uiai,uver  txie 

Animated  with  the  like  desire  of  discovering  the  true  development 
ClTrj'"- ^.^T^if^^^''^  bestowed  much  time  3Z- 
^e:imLf  vp!^?Tt?'°-  ^  ^^^^^l^''  ^^^^  gentleman  writes, 

exammed  yeast  at  Messrs.  Hanbury  and  Buxton's  brewery  at  various 

z 
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sta-^es  of  fermentation  of  botli  porter  and  ale,  from  a  few  hours  to 
many  days.  In  the  more  advanced  stages  of  fermentation,  I  oWed 
Se  globtdes  of  yeast  were  frequently  in  stnngB  or  .^^^^  W^^^^J 
forming  moniliform,  often  Whed  plants  But  as  the  ce^  or  joints 
were  very  readily  separable,  I  could'  not  satisfy  myself  that  the 
Tdhesion^as  otherwise  than  mechanical,,  such  ,  as  we  see  between 
bloodSiscs  when  they  arrange  themselves  in  senes  like  "^oney-jolb, 
and  such  as  we  sometimes  perceive  even  in  morgamc  amorphous  pre- 

Fig. 


IS^V  rep^auJlve  bo'dies  developed  on  the  vertical  filamente  of  the 
Sis    Drawn  ^fh  the  Camera  Lucida,  and  magnified  220  diameters. 

cipitates.    My  experience  agrees  precisely  ^cUossher^r  who 

states  thathe  "never  could  perceive  a  huddmg  or  bursting  of  he  yea^^t- 
cel  s,  accompanied  by  a  discharge  of  their  contents,  nor  could  I  ever 
Soduce  this  by  compression.  These  curious  brachial  and  other  adjiist- 
lente  of  the  ceUs  of  yeast  to  each  other  appeared  to  me  the  work  of 
See '  It  is,  however,  proper  to  add  that  the  artificial  rupture  of 
Se  cells  has  been  effected  V  Mitscherlich,  who  also  confirms  turpms 
nWrvation  of  the  budding  of  the  yeast-cells.  -u 

SS,  after  describing^the  development  of  the  sporules  by  budding, 


BREAD  AND  ITS  ADULTBBATIONS.  339 

remarks :  '  We  know  only  this  mode  of  propagation  of  this  ye^etablp  • 
but  Its  fructification  in  the  air  has  not  been  seen  nor  can  it  S  t  ' 
because  It  perishes  from  the  part  atwhich  it  come;  in  coSa  t ^th  t?e 

a^oZ^?.  '  r  '^^'r.  it  oug^to  be  c  Led 

aW  f^f  .^bich  fructify  only  in  the  air,  or  even  amonStlhe 

ImpeUed  with  a  similar  desire,  we  have  applied  ourselyes  diHgently 

Kg.  105. 


of  them,  single  vesic  S  of  a  ^  f^'  ''ourse  of  many 
the  cavities  of  thel?  arf  in  geneTtat     n°.Iflf i^*^^^  appeared^ 

matter,  and  the  filament  on  oSf  of  ear?L?o^^^^^^^^^  ^^''^"""''^ 

larged  and  void  of  contents.  The  yesLler™r  tn  h»  constantly  en- 
alf,(B,  by  the  union  of  the  contents  of  two  o?Sfnvo    ^  formed,  as  in  many 

to  its  perfect  strte.          '  g«wth 

z  2 
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First  stage,  or  that  of  sporules.-ln  this  the  ordinary  state  in 
wliich  the  yeas^plant  is  met  with,  it  consists  entirely  of  sporules 
These  are  for  theVost  part  separate,  but  sometimes  feebly  united  in 
twos  threes,  and  even  in  greater  numbers ;  they  vary  m  sue  and  form, 
^:^:  Z  :e^:^iiirae.  smaller  than  others,  and  nearly  aU  con^in  one 
or  two  nuclei,  which  are  the  germs  of  futiu-e  spondes  (fig.  103). 

Second  stage,  or  that,  of  thallus.-Mi^r  the  lapse  of  some  days,  and 
mider  favom-able  circmnstances,  the  sporules  become  much  elongated ; 
Hi^sionS  partition  appears  in  each,  and  it  now  consists  of  t^'o  dis- 
tincTcells    The  extension  still  continuing,  other  sejta  appear,  untt 
at  length  jointed  threads,  at  first  shnple  and  undivided,  afterwards 

rig.  106. 


iointed  are  formed,  and  the  plant  now  exists  in  the  form  of  root-Uhe 
^^-^-^^  the  Myoode.na 

''''rS/steroTSof  oMal  f  ructificat{on.-Mter  the  lapse  of  a 
fnrtS  to  vertical  threads  spriig  up-'from  the  thallus  ;  th^'e  when 
!f  !^?L?has  reached  its  complete  development,  become  branched,  each 

puscles. 
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T,  .^^1^^  corpuscles  are  about  the  size  of  the  original  yeast  sporules 
but  ditter  Iroin  those  bodies  in  their  darker  colom-  and  firmer  texture' 

Occasionally  m  the  rows  of  beaded  corpuscles  one  cell  several  times 
larger  than  the  rest  is  seen. 

But  from  observations  made  subsequently  on  the  development  of 
the  sugar  fungus  in  saccharine  ui-ine,  it  appears  that  the  beaded  threads 
do  not  lorm  the  last  condition  or  stage  in  the  development  of  the  plant 
but  that  true  aerial  tufts  or  heads  of  sporules  are  formed.  ' 

Fig.  107. 


The  reast  Fungus  in  its  perfect  state  of  development. 
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to  view.    The  sporules  faUiug  off,  leave  the  dilated  extremities  of  the 
threads  or  filaments  exposed.'    (Fig.  107)- 

A  fun-US,  somewhat  closely  resembhng  the  yeast  fungus  in  itB 
perfect  IS-m,  has  heen  observed  hy  Bennett  m  the  expectorauon  of  au 

'^'^tC:tt::^^^^f^^^^^  of  the  development  of  the 

^n^r:iSionS  stmctm-e  of  the  granules  of  the  yeast 
nlant  their  evident  ftmgoidal  character,  their  rapid  g^oyth  -fcc  it 
£ted  to  ^rthat  the  reason  why  the  tinie  or  aenal  -Fod-t^^^^^^^ 
iipver  heen  discovered  was  to  he  found  m  the  fact  that,  j  east  Deine 
W  aSs  in  the  state  of  sporules,  sufficient  tune  was  not  aUowed 
rllr  binary  to  attain  its  fuU  development,  for 

which  purpose  prohahly  many  days  would  be  reqmred 

Act^S-  on  ?his  impression,  we  placed  in  an  eight-ounce  bottle  a 
tahltsp^onfid  of  malt,  poured  oVer  this  about  4  omices  of  warm  water 
pStiaiy  closing  the  mouth  with  a  perforated  cork,  set  it  aside 

l?iie1nd  of  that  time  we  were  rejoiced  to  find  that  our  expec- 
At  tJie  em  o  ^  indeed  discovered  that 

Itch  ~  o^^^^^^^^^^  ^«  TMsdiscoverj^ 

"^Te'aMTep^^^^^^^^^  of  this  plant  clearly  .shows  that  the 
Gelan  tlgologlS,  Kiitzing,  is  in  error  in  regarding  it  as  a  confervoid 
production.  iwsence  of  veast  in  a  substance 

its  eiiorts  to  escape  iiuui  iuc^^"  _o  _,       p!,„eincr  it  to  become 

Xumg  the  baking,  part  of  the  BlavcU  is  undoubtedly  converted  into 
physician,  are  of  opinion  th^  '"S^Ko'TgCt 
£te  obSations  hare  yet  been  made  on  the  subject. 
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It  has  been  .computed  that  the  annual  loss  of  alcohol  in  bread 
niakiug  amovmts  to  about  300,000  gallons,  which,  at  19s.  per  gaUon 
woidd  amoun  to  285,000/.  The  eflbrts  hitherto  made  in  large  bfkerS 
to  save  the  alcohol  have  failed;  20,000J.  were  spent  in  the  fruitlS 

at  chS   ^     ^""^  ''''''^^'''^   ^^'^^"-^  '^^^^  "^^^'y 

For  the  production  of  wheaten  bread  of  good  quality  it  is  of  course 

aTdTwSt    If  tif/'"'  P^^P^^'-i  sh%\e  sZd 

from  Tt  1>  £  T'^  "^P^'f*^  *°  ^^-^P'  flo^  made 

from  It,  if  the  gram  from  that  cause  have  sprouted,  the  albuminous 
compounds  01  the  Horn-  will  undergo  decomposition,  causing  Zm  as' 
already  explamed,  to  act  as  a  ferment,  and  occasioning  to?^S  a 
conversion  of  the  starch  into  dextrin,  sugar,  and  other  compiSids 
^on^st  which  may  be  named  acetic  and  lactic  acids.  CadTade 

Flom^  1±?  '^^^^T-^^r  ^  ^^^y'  ^"^d  «f  ^  dark  coTom- 

±lom-s,  therefore,  which  contain  a  large  quantity  of  nitro^enom 
matter,  as  for  example  those  made  of  whole  4al  Si^  are  mo?e  aS 
to  undergo  m  bread-making  an  excessive  degree  of  fermentatton  th?n 
oTthe'grat"^^  ^"^"^^  ^'^^  ^^^'^  -^^-^  "port" 
ofZ^lSSZfj/"^''"'--^''''^''     P^-™*      excessive  action 

:st;Xorrm  ^  addition"  of  mVe^altur^^^^^^^^ 

especiauy  ot  alum,  has  long  been  resorted  to,  and  it  is  affirmed  th«t 
akun  i;enders  possible  the  use  of  many '  dama  ged  flomT  wS 
ptpoT^r  "'^"^^^^      bewasted'or  used  for  oth^i  Jeifor 

'  The  addition  of  alum  to  the  douffh.'  wi-ites  T)r  Odl^^io-  .'^  +i, 

i^-HS w  ^^^^^^  =sf 

uay      caMg  ot  18  loaves  which  contained  alum,  and  rioaves 
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free  from  alum,  and  found  that  in  the  former  the  average  amount  of 

wl"  elLlTttthe  use  of  alum,  Dr.  Dauglish  has  ^tten  :- 
'  Its  eC  on  tie  '  'tern  is  that  of  a  topical  astnngent  on  the  sm<face 
of  thfai— ^^^^       producing  constipation  and  derangnj  the 

into  the  stomach,  and  the  consequence  ^L^^'J^^^roner^^ 
°°1;^:fo7H™'--  strongly...— ded  --7  J-'^- 
teen  employed  in  many  cases  fa       P-^g  ,JL„4t In,  while  io 

^^^Z.Z'SlZZlTStU^^^  — .y  way  i.  mo. 

or  less  subject.  substance  which  has  been  employed 

Sulphate  of       ^'---^^S'ex^^^^^        powerful  effect,  is 
for  the  same  pmTOBe,  and  wh^^^^^  ^^^^^  Belgitun. 

phate  of  copper-.  I*  ;\^f^^:"^.,*°lved  in  about  a  quart  of  water,  and  a 
^Anouuce  ofthesa^tbem^d^^^^^^  the  water  necessaiy  for 

wineglassful  oi  tliis  80^^"^""  /"      .  „„„nt;tv  is  extremely  small ; 

^  ronous^a'ar^^^^^^^^  of  copper 

nevertheless  the^se  ot     P  3^^,^^^^  containing  copper  would 

cannot  be  too  suongxy  ^_Watts's  Dictionary. 

^SX°VtXS::?»e*S,'iak  give  from  90  .o  105  4-ll>. 
,  Jef  6  -ftl  of  dowh  ^^^l-Xl^'t^^^ri^  to  lose  wei.U.; 
acco^ifngMa  tlZpS^^fj  o.  ,  In  48  .on., 

be  their  proper  weight. 


BREAD  AND  ITS  ADULTERATIONS.  345 


1IN1EATENED  OR  TOFEEMENTED  BREAD, 

There  are  two  kinds  of  unfermented  bread ;  in  the  one,  substances 
are  used  m  imitation  of  yeast,  from  which  a  gas,  always  carbonic,  is 
disengaged,  distending  the  dough,  and  rendering  it  vesicidar  and  lio-ht  • 
employed  ^'  P^^^^Ps  the  addition  of  salt,  only  are 

The  substances  used  in  the  preparation  of  the  fii-st  description  of 
unlermented  bread  are  sesquicarhonate  of  ammonia,  carbonate  of  soda 

hydrochloric  acid,  or  carbonate  of  soda  and  tartaric  acid. 

Ut  these,  by  far  the  best  is  carbonate  of  ammonia :  this  is  a  volatile 
salt,  and  Its  great  advantage  is,  that  it  is  entirely  or  ahnost  entirely 
dissipated  by  the  heat  employed  in  the  preparation  of  the  bread :  and 
thus  the  necessary  effect  is  produced  without  risk  of  injurious  results 


_  In  the  employment  of  carbonate  of  soda  and  hydrochloric  or  mu- 
riatic acid,  the  case  is,  however,  different ;  here  we  have  the  formation 
ot_tfliloride  of  sodium,  or  common  salt,  with  disengagement  of  carbonic 

In  those  instances  where  a  mixture  of  carbonate  of  soda  and  tartaric 
acid  IS  used,  tartrate  of  soda  is  formed,  also  with  Uberation  of  carboSc 

combhiXr'?'°°f:^''.'^/'  ^''^^  Custard  po^oders  are 

combmations  of  carbonate  of  soda  and  tartaric  acid,  mixed  with  wheat 
flour,  or  other  kind  of  starch,  and  the  egg  powders  are  ofteTcoWd 
Wlth  |^.r„^.,vc,  and  formerly  also  frequently  with  chromate  of  lead 
^k^?L  f^^ST  I'^'^^^^^r'^.  objectionable  would  appear  to  be 
in^  taTairftr'^'''^*'  °^  '""^^  ""^^  tartaric  acid,  since  the  result- 
ing taitrate  of  soda  possesses  aperient  properties.  For  oiu:  own  part 
we  see  much  less  o^ection  to  the  employment,  in  the  geneSty  of 

TndTe  ^£TJlV-n''"^  contains  but  little  sfline  maTter 
and  the  vitality  of  which  is  for  the  most  part  destroyed  by  the  heat 

^ wder"'  ""^^  "^-^  aJd  baking 

nf  tf.r?^^'  of  'baking  powders  '  examined  by  us  we  found  composed 

It  should  be  ki^own  that  hydrochloric  acid  is  freauentlv  rnntflm,- 

It  will  be  seen  from  the  following  published  receiiits  for  r... 

liuiroaucea  into  the  system  is  by  no  means  inconsiderable  :— 
To  make  White  or  Flour  Bread. 

about  25  fluid  ounces. 
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Observe  the  large  quantity  of  soda  and  acid  recommended  to  be 
employed  in  the  manufactui-e  of  a  3-lb.  loaf. 

Br.  Pereira  gave  tbe  following  receipt  for  tbe  manufacture  of 
unfermented  bread ;  the  proijortions  of  soda  and  acid  in  this  are  much 

less  1 

Receipt  for  Unfermented  Bread. 

Flour   1  I'J-  . 

Bicarbonate  of  soda        ....  40  grams. 

Cold  water   i  Pint. 

Muriatic  acid   60  di-ops. 

Receipt  for  an  Egg  or  Baking  Powder. 

Carbonate  of  soda  56  lbs. 

Tartaric  acid   28  lbs. 

Potato  flour   1  cwt. 

Turmeric  powder  t  lt>. 

It  will  be  observed  that  the  quantity  of  tartaric  acid  in  this  receipt 
is  too  small  to  neutralise  the  soda.    It  is  better  adapted  for  pudding 

than  bread.  , ,      ,  .  ,  , 

The  second  description  of  unfermented  bread  is  heavy  and  compact, 

and  is  met  with  chieflv  in  the  form  of  biscuits. 

While  bread,  therefore,  made  with  yeast  powders,  may  prove  ot 

service  in  some  cases  of  dyspepsia,  in  others  it  is  calculated  to  do  hann. 

AEEATED  BKEAD. 

In  the  processes  for  the  preparation  of  unfei-mented  bread 
hitherto  described,  certain  substances  are  introduced  bodUy  into  the 
douo-h,from  which,  when  they  come  into  contact,  the  carbonic  acid 
is  liberated,  chloride  of  sodium  or  tartrate  of  soda  being  formed. 
Sometimes,  as  alreadv  pointed  out,  sesquicarbonate  of  ammonia  is 
employed,  and  in  this'case  the  whole,  or  nearly  the  whole,  ot  that  salt 
is  dissipated  in  the  process  of  baking.  We  have  shown  that  thus  a 
considerable  amount  of  mineral  matter  is  introduced  into  the  bread, 
and  in  order  to  obviate  this  objection,  it  occurred  to  the  late  Ur. 
Daus-lish  first  to  liberate  the  carbonic  acid,  and  then  introduce  it  into 
the  flour  by  means  of  water  highly  charged  with  the  gas.  The  car- 
bonic acid  is  obtained  from  chalk  by  the  action  of  dilute  sulphuric 
acid,  is  collected  in  a  gasholder,  from  which  it  is  made  to  pass  mto  a 
vessel  containing  water,  which  thus  becomes  charged  with  the  acid. 
The  water  so  charged  is  then  mixed  with  the  flour  under  pressure,  the 
dou'^h  becoming  vesicular  unmediately  on  the  removal  of  the  pressure. 

The  advantages  of  the  process  are  its  certainty,  its  extreme  cleanh- 
ness,  its  great  rapidity,  the  saving  of  labour  and  material  by  the  non- 
conversion  of  the  sugar  and  a  portion  of  the  starch  into  carbomc  acid 
and  alcohol,  the  avoidance  of  extreme  fermentation  and  the  consequent 
poduction  of  acetic  and  lactic  acids,  rendering  the  use  of  the  highly- 
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nutritious  wliole-meal  flour  practicable  in  bread-making,  and,  lastly, 
there  are  tlie  sanitary  advantages,  night  work  being  rendered  unneces- 

^^^Notwithstanding  these  many  advantages,  and  the  light,  white  and 
porous  natui-e  of  the  loaf,  and  very  agreeable  flavour  of  the  bread  made 
by  this  process,  it  does  not  appear  that  its  use  is  extending,  or  that  the 
process  is  likely  to  supersede  the  old  method  of  the  preparation  of  bread 
by  the  aid  of  yeast.  It  is  said  that  persons  quickly  become  tu-ed  of 
the  aerated  bread. 

THE  AlfAIiYSIS  OF  BKEAD. 

The  analysis  of  bread  is  conducted  exactly  in  the  same  manner  and 
on  the  same  principles  as  that  of  flour,  the  important  points  to  be 
ascertained  in  the  case  of  really  genuine  bread  being  the  amounts  of 
water,  glucose,  dextrin,  starch,  cellulose,  gluten,  and  mineral  matter, 
including  chloride  of  sodium. 

The  methods  for  the  determination  of  all  these  have  ah-eady  been 
fully  described,  and  need  not  be  here  repeated. 

Of  course  if  the  bread  be  adulterated  a  variety  of  other  determina- 
tions will  have  to  be  made,  and  which  we  shall  presently  notice.  _ 

But  a  bread  may  be  genuine  and  yet  of  either  inferior  quality  or 
damaged  and  unsound.  It  may  be  of  inferior  quality  from  deficiency 
of  nitrogen,  from  changes  in  the  nitrogenous  constituents,  and  from 
undue  fei-mentation.  Some  of  these  conditions  would  be  revealed^  in 
the  course  of  the  analysis  above  sketched  out,  while  the  excessive 
fei-mentation  would  be  in  part  ascertained  by  noting  whether  the  bread 
exhibited  an  acid  reaction,  and,  if  so,  estimating  the  amoimt  of  acid 
present,  detei-mining  in  some  cases  the  amounts  of  the  acetic  and  lactic 
acids  separately.  In  this  case  the  total  acidity  should  first  be  deter- 
mined ;  the  volatile  acid  should  then  be  removed  by  distillation  from 
another  portion  of  the  bread,  when  the  remaining  fixed  acid  may  be 
determined  and  regarded  as  lactic  acid. 

It  may  be  damaged  from  the  presence  of  one  or  other  of  the  various 
organic  productions,  especially /wn^t,  which  have  already  been  described 
under  the  head  of  the  '  Diseases  of  the  Cereal  Grains,'  and  in  this  case 
we  must  have  recourse  to  themicroscope  for  the  discovery  of  the  cause 
of  the  damage. 

THE  ADITLTERATIOIfS  OP  BKEAD. 

The  adulterations  of  bread  of  course  correspond  very  closely  with 
those  of  the  flour  from  which  it  is  prepared,  and  they  may  be  all 
classified  under  the  heads  of  organic  and  mineral  adulterations. 

We  have  abeady  described  what  these  adulterations  are,  for  the 
most  part,  and  we  need  here  therefore  only  refer  to  those  which  have 
either  not  been  mentioned  before,  or  which  have  been  as  yet  insuffi- 
ciently treated.   Amongst  the  former  are  those  with  watei-,  mashed 
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potatoes,  aud  boiled  rice,  while  amongst  the  latter  are  alum  and  mlpliate 

of  copper.  ,  .      , ,  ,        •  1.       •  • 

With  water.— Oi  course,  since  bread  is  sold  by  weight,  it  is  im- 
portant to  the  haker  that  it  should  contain  as  much  water  as  possible^ 
We  have  seen  that  new  bread  contains  on  an  average  as  much  as  4J-« 
per  cent,  of  water,  of  which  about  10  parts  are  natural  to  the  flour. 
Now  bread  is  made  to  retain  an  increased  quantity  of  water  m  several 

^^^One  method  is,  after  having  incorporated  as  much  water  in  the 
dough  as  possible,  to  put  it  into  a  hot  oven.  This  causes  the  crust  to 
form  speedily,  which  prevents  the  escape  of  water. 

The  same  object  is  attained  by  thi-owing  sacks  over  the  loaves  im- 
mediately after  their  removal  from  the  oven.  This  prevents  the  dissipa- 
tion of  some  of  the  water  which  passes  off  so  qmckly  from  the  hot 

^'^^Tthird  method  is  by  the  employment  of  rice.  This,  when  cooked, 
swells  up  greatly  and  absorbs  much  water. 

Potatoes,  when  used  in  any  quantity,  have  probably  the  same  ettect. 

It  was  for  a  long  time  believed  that  alimi  also  caused  the  bread  in 
which  it  is  contained  to  hold  more  water,  but  this  would  appear-  irom 
Dr.  Odling's  experiments  not  to  be  the  case,  at  all  events,  m  newly- 

^^^fntlTmcM  potatoes.— It  is  also  notorious  that  bakers  frequently 
add  a  proportion  of  potatoes  to  bread.  These,  when  mashed,  ai-e  mixed 
with  the  yeast,  which  is  said  to  feed  upon  the  potatoes,  and  for  which 
pm-pose  only  it  is  alleged  the  potatoes  are  used,_and  not  for  ad^iltera- 
tion  When  the  quantity  of  potatoes  employed  is  but  smaU,  this  may 
be  so  ;  but  there  is  no  doubt  that  they  are  sometmies  added  m  con- 
siderable quantities  to  bread,  especially  when  they  are  cheap. 

Now  the  potato  in  its  raw  state  contains  about  75  per  cent  ot 
water,  and  as  commonly  served  up  to  table  even  a_  little  more  so  that 
this  adulteration  really  causes  the  bread  to  contam  more  ^ater  and 
so  robs  it  of  a  portion  of  its  nutritive  properties.    Again,  the  potato 
contains  only  half  as-  much  nitrogen  as  wheat  Houi-.  , 
With  boiled  rice.-Th.is  also  is  not  imfrequently  added  to  bread,  and 
its  presence  likewise  impairs  its  nutritive  properties  m  two  ways  : 
Sst^rice  contains  far  less  nitrogen  than  does  wheat  (al^out  7  per  cen  • 
onlv)  •  and,  second,  it  causes  the  bread  to  hold  more  water  than  it 
would  do  if  made 'of  wheat  flom-  alone,  and  tbus  ^he  -luahtv  of  the 
W  as  a  life-sustaining  food  is  stiU  finrther  reduced.    Boiled  rice 
contains  about  77  per  cent,  of  water.  Wp -hnvP  already 

With  sulphate  of  alumina  and  potash  or  oZitMJ.— We  have  already 
treated  to  some  extint  of  the  adulteration  of  bread  with  alum,  but  we 
have  bv  no  means  as  yet  exhausted  the  subject.         ,       •  r   „  j 

It  is  notorious  that  many  bakers  add  either  alimi  to  their  bivad  or 
a  mixtm-e  of  alum  and  salt  known  in  the  trade  by  the  terms  .'hards 
and  and  thus  in  many  cases  the  flom-  receives  two  additions  of 
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aliun,  tlie  baker  being  often  unaware  tbat  be  bas  been  abeady  antici- 
pated by  tbe  miller. 

Tbe  use  of  alimi  in  bread  is  particularly  injurious.  It  is  true  tbat 
it  causes  tbe  bread  to  be  wbiter  tban  it  wouid  be  otberwise,  indeed, 
wbiter  tban  it  was  ever  intended  to  be  by  nature ;  but  it  imparts  to 
bread  several  otber  properties :  tbus  it  bardeus  tbe  nutritious  consti- 
tuent of  tbe  bread,  tbe  gluten,  and  so,  on  tbe  autbority  of  tbat  great 
cbemist  Liebig,  renders  tbe  bread  more  indigestible  ;  it  enables  tbe 
baker  to  adiilterate  bis  bread  witb  greater  quantities  of  rice  and  pota- 
toes tban  be  could  otherwise  employ  ;  and,  lastly,  by  tbe  use  of  alum 
be  is  able  to  pass  off  an  inferior,  and  even  a  damaged  flour,  for  one  of 
superior  quality.  Is  it  wortb  wbile  to  injiu'e  tbe  properties  of  tbe 
bread  by  using  alum  for  tbe  sake  of  obtaining  an  imnaturally  white 
loaf.? 

Tbe  public,  tben,  in  judging  of  tbe  quality  of  bread  by  its  colour 
— by  its  whiteness — commits  a  most  serious  mistake  :  there  is  little  or 
no  connection  between  coloiu*  and  quality  ;  in  fact,  very  generally,  tbe 
whitest  breads  are  the  most  adulterated.  Tbe  public,  therefore,  should 
lose  no  time  in  correcting  its  judgment  on  this  point. 

The  outer  part  of  the  grain  of  wheat  has  been  proved  by  analysis 
to  be  much  richer  in  noiu'ishing  principles,  in  gluten  and  in  oily 
matter  especially,  than  tbe  central  and  more  floury  parts  of  the  grain. 
Now,  in  preparing  the  finer  descriptions  of  flour,  the  utmost  pains 
are  taken  to  separate  this  highly  nutritious  exterior  portion  of  the 
grain,  and  thus,  although  the  flom*  so  obtained  is  very  fine  and  white — 
veiy  suitable  for  making  a  white  loaf,  that  fallacious  test  of  quality — 
it  is  yet  not  nearly  so  nutritious  as  whole-meal  flour,  or  even  the 
less  finely  dressed  qualities  of  wheat  floiu-.  Tbe  consumer,  now  better 
instructed,  is  in  a  position  to  judge  of  how  much  he  sacrifices  for  the 
mere  sake  of  an  arbitrary  and  fallacious  standard  of  quality,  namely 
whiteness.  The  diflference  in  nourishing  properties  between  whole- 
meal flour  and  very  finely  dressed  flour  amounts  in  many  cases  to  fully 
one-third. 

_  Fm-ther,  alum  is  very  apt  to  disorder  tbe  stomach,  and  to  occasion 
acidity  and  dyspepsia. 

The  manner  in  which  it  does  so  has  not  been  clearly  ascertained. 
The  powerful  efiects  of  alum  as  an  astringent,  when  administered  as  a 
medicine,  are  well  known ;  but  when  added  to  flour  or  bread,  it  be- 
comes decomposed,  sulphate  of  potash,  an  aperient  salt,  being  formed. 

Liebig  considers  that  part  of  the  beneficial  action  of  wheat  flour 
on  the  system  is  due  to  the  soluble  phosphates  which  it  contains  in 
such  large  quantities,  and  he  states  that  when  alum  is  added  to  bread 
these  are  decomposed,  the  phosphoric  acid  of  tbe  phosphates  imitino- 
with  the  alumina  of  tbe  alum,  and  tbat  tbus  an  insoluble  phosphate  of 
alumina  is  formed,  and  the  beneficial  action  of  the  phosphates  conse- 
quently lost  to  the  system. 

So  satisfied  is  Liebig  that  this  is  the  case,  that  He  bas  recom- 
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mended  tlie  employment  of  small  quantities  of  lime  water  for  the 
pm-pose  of  whitening  bread  made  fi-om  musty  or  damaged  flour ;  and 
It  was  stated  at  a  meeting  of  the  British  Association  at  Glasgow  that 
lime  water  is  now  used  hy  many  Scotch  bakers. 

The  following  is  Liebig's  own  statement  of  his  views  :— 
'  Many  salts  render  the  gluten  again  insoluble,  apparently  by  form- 
ino-  with  it  a  chemical  combination. 

"  '  The  bakers  of  Belgium  discovered,  about  twenty  years  ago,  how 
to  bake  from  damaged  flour— by  adding  sulphate  of  copper  (a  poison) 
to  the  dough— a  bread  in  appearance  and  external  propernes  as  line 
as  from  the  best  wheat  flour.  This  mode  of  improving  its  physical 
properties  of  course  deteriorates  its  chemical  properties.  Alum  has 
the  same  efifect  as  sulphate  of  copper :  when  added  to  the  dough  it 
renders  the  bread  very  light,  elastic,  firm,  and  dry ;  and  the  London 
bakers,  in  consequence  of  the  demand  for  white  bread,  such  as  the 
English  and  American  flom-s,  usually  so  good,  yield,  appear  to  have 
been  compelled  to  add  alum  to  aU  flour  in  the  balong.  I  saw  in  an 
alum  manufactory  in  Scotland,  little  mounds  of  finely-ground  alum, 
which  was  destined  for  the  use  of  the  London  bakers. 

'  Since  phosphoric  acid  forms  with  alumina  a  compound  hardly 
decomposable  by  allvalies  or  acids,  this  may  perhaps  explain  the  mdi- 
aestibility  of  the  London  baker's  bread,  which  strikes  all  foreigners  A 
small  quantity  of  lime  water  added  to  the  musty  or  damaged  flour,  has 
the  same  effect  as  the  alimi  or  sulphate  of  copper,  without  bemg  fol- 
lowed by  the  same  disadvantages.'— tettej-s  on  Chemistnj. 

Enouo-h  has  now  been  adduced  to  show  that  it  is  a  very  dangerous 
thing  to  "tamper  with  articles  of  daily  food  and  of  large  consump- 
tion, like  flour  and  bread,  by  the  addition  of  chemical  substances  of 

^^^i?^"ciu-ious  to  notice  the  argimients  to  which  the  defenders  of 
adulteration  are  driven  in  order  to  find  excuses  for  certam  practices. 
We  were  some  years  since  much  astonished  at  one  of  these  arguments. 

A  learned  chemical  professor,  at  a  late  meeting  of  the  British  Asso- 
ciation in  Glasgow,  defended  the  use  of  alum  m  bread  on  the  foUowing 

He  stated  that  Thames  water  was  so  alkaline,  it  turned  the  flour 
velloio,  and  hence  the  use  of  an  acid  became  necessaiv. 

Home-made  bread  is  certainly  not  so  white  as  bakers  bread,  the 
diff-erence  being  explained  by  the  absence  of  the  aliun  ;  but  it  is  cer- 
tainly not  the  case  that  Thames  water  has  the  remarkable  eflect  of 
the  flour  yellow. 

But  the  real  and  actual  facts,  as  regards  Thames  water  and  its 
pfiBCts  on  the  colour  of  the  bread,  are  these ,     .  .  , 

The  alkalinity  of  Thames  water  is  so  trifling  that  it  is  scarcely  per- 
centible  to  the  most  delicate  test  paper;  again,  during  the  fermenta- 
S  of  the  bread  a  large  quantity  of  acid  is  generated,  infinitely  more 
tZ  would  be  sufficient  to  neutmlise  the  alleged  alkalinity  of  Thames 
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■water,  and  to  counteract  any  tendency  wliicli  it  is  said  to  possess  to 
turn  flour  yellow. 

Again,  contrast  the  professor's  argument  with  the  pi-actice  recom- 
mended by  Baron  Liebig.  The  one  says  Thames  water  is  so  alkaline 
it  tiims  floiu'  yellow,  and  the  other  advises  the  use  of  an  alkali  to 
whiten  it. 

But  we  will  suppose  that  the  professor's  views  are  not  altoo-ether 
destitute  of  foimdation,  yet  they  would  constitute  but  a  poor  reason 
for  the  employment  of  aliun.  That  substance  is  used  in  bread-making 
neai-ly  all  over  the  United  Kingdom,  and  yet  the  use  of  Thames  water 
is  confined  to  the  metropolis  and  its  vicinity.  We  repeat,  then,  it  is 
curioiis  to  notice  the  character  of  the  arguments  which  sometimes  even 
scientific  men  will  condescend  to  use  in  defence  of  adulteration. 

Another  argument  by  which  the  use  of  alum  is  defended  is  that 
the  quantity  employed  is  but  small :  upon  this  point  the  following 
evidence  may  be  adduced : — 

The  author  of  the  celebrated  treatise  '  Death  in  the  Pot,'  writes :  

'  The  smallest  quantity  of  alum  which  can  be  employed' with  effect 
to  produce  a  white,  light,  and  porous  bread  from  an  inferior  kind  of 
flour,  I  have  my  own  baker's  authority  to  state,  is  from  three  to  four 
ounces  of  alum  to  a  sack  of  flour  weig-hing  240  lbs.' 

Dr.  Markham  gives  eight  oimces  of  alum  as- the  quantity  used  to  a 
sack  of  floiu-. 

From  enquiries  which  we  have  made  amongst  bakers  we  find  that 
the  quantity  of  almn  usually  employed  is  half  a  poimd  to  the  sack  of 
flour  weighmg  240  lbs.,  and  that  the  quantity  used  varies  according  to 
the  age  and  condition  of  the  flour  ;  thus  new  floiu-  requires  much  ruore 
alum  than  old ;  indeed,  a  white  bread  may  be  made  from  old  flour 
without  any  addition  of  alum,  while  as  much  as  three-quarters  of  a 
pound  may  be  added  to  the  sack  of  very  new  flom-.  New  floiu-  is  that 
which  comes  into  use  about  November  and  December :  hence  the  bread 
made  in  these  months  usuaUy  contains  a  large  proportion  of  almn 
Old  floiu-  IS  that  used  m  the  two  or  three  summer  months  nrecedino- 
the  harvest.  ^  ^ 

_  Four  ounces  give  about  30  grains  of  alum  to  every  4  lbs  of  flour 
eight  ounces  60  grains,  and  twelve  ounces  90  grains.  IMr  Mitchell' 
the  author  of  a  treatise  on  the  'Falsification  of  Food,'  states  that  he 
detected  m  ten  4-lb.  loaves  of  bread,  819^  grains  of  alum. 

With  respect  to  condition,  a  fiour  which  is  weak— that  is  which 
does  not  bmd  readily  m  consequence  of  a  deficiency  of  gluten— re- 
quu-es  a  much  larger  proportion  of  alum,  and  in  this  case  from  three- 
quarters  to  a  pound  of  that  salt  may  be  added. 

Salt  has  much  the  same  effect  as  alum ;  that  is,  it  makes  the  bread 
white  and  firm,  and  hence  it  is  sometimes  used  in  excess,  to  supplv  the 
place,  to  some  extent,_of  alum.  The  average  quantity  of  salt  added  by 
r  .f"  o^mr*^  -^^^rem  alum  la  used  is  not  less  than  about  sixty  ounces 
to  the  240  lbs. ;  but  the  amount  varies  with  the  age  of  the  flour 
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With  sulphate  of  copper.-This  poisonous  salt  has  been  emrloyed, 
as  has  been  already  noticed  in  tliis  report,  more  than  once  for  the  same 
pm-poses  as  almn-namely,  to  harden  the  gluten,  and  to  unpart  an  un- 
natural whiteness  to  the  flour.  ^.  1     •     J  ;i- 4.- 4.^+1,^00 

With  Other  adulterants.-SeYeveil  other  articles  m  addition  to  those 
just  enumerated,  are  stated  to  be  employed  m  the  adulteration  o^^^^^^^^^^ 
and  there  is  no  doubt  that  they  have  been  thus  u^ed.  These  are 
Zne  Zes,  bone  dust,  white  clay  or  silicate  of  alunum  the  carboruites  of 
soda  m  agnesia,  and  lime,  and  lastly,  nnne^-cd  whrte,  «^f« 
hydrated  Llphate  of  lime.  These  several  substences  are  chiefly  intro- 
duced through  the  flour  with  which  the  bread  is  made. 

Besults  of  the  Examinations  of  nuvierous  samples  of  Bread  for  Alum. 

Of  twenty-eight  samples  of  bread  tested  for  alum  some  time  back, 
that  substance  was  found  in  every  one  of  the  samples. 

Some  time  subsequently,  a  second  series  of  samples  of  bread 
twenJ^five  in  number,  were'  also  tested  for  alum,  and  this  salt  was 
found  in  the  whole  of  the  samples.  .    3      a  f^,,,,^  +n  or^r^ 

Three  of  the  bakers  whose  bread  was  examined,  and  fouxLd  to  con- 
tain alTm  declared  that  they  did  not  add  that  substance  to  their  bread ; 
and  tWaced  in  our  hand's  samples  of  the  flour  of  which  the  breads 
were  made,  when  the  alum  was  found  m  the  flours. 

From  thS  it  mav  be  inferred  that  the  alum  had  been  introduced 
into  the  floxSs  by  the  millers.    This  discovery  led  to  the  examination 

st^cUnfthrXtiation  ot  bread,  we  did  not  tail  to  pay 
tfthSSt  of  the  weight  of  bread,  a  8ub  ert  second  m  importance  only 
to  tne  8UDje(.t  01 1        y    j     orocured  a  number  of  loaTes  of  bread 

SSnHiet  wt^^^^^^^^^^   ei^My-si.  ounces.    Scarcely  a  smgle 

^Totr  it^SSotsty  in  the  weight  of  bread,  the  foUowig 
simirplaS  is  in  operation  in  Edinburgh  and  it  is  described  by  the 
3eman  who  suggested  it  as  having  worked  exceedmgly  well. 
^  Tt  k  ma^e  imperative  on  the  baker  to  stamp  the  weight  upon  all 
the  baveThe  3s.  A  provision  to  this  effect  is  contained  m  the 
Police  Act  of  Edinburgh. 

THE  DETECTION  OF  THE  ADTOTEEATIONS  OP  BREAD. 

The  various  substances  and  articles  employed  in  the  ad^teration  of 
floufand Tread,  may  be  classified  into  the  orffamc  and  v^organ^c ,  unaer 


BREAD  AND  ITS  ADULTERATIONS.  353 

the  first  head  are  inohidecl  bean,  rice,  rye,  barley,  and  Indian  corn 
Jlours,  potato  fioiir,  potatoes,  and  hone  dust ;  under  the  second,  sulphate 
of  alumina  and  potash,  or  alum,  sulphate  of  copi^er,  sulphate  of  lime  ; 
other  names  for  which  ai'e  plaster  o  f  Paris,  gi/psum,  terra  alba  or  mineral 
white,  silicate  of  magnesia,  lohite  clay,  carbonates  of  lime,  magnesia,  and 
soda,  bone  ashes  or  phosphate  of  lime. 

The  Detection  of  the  Organic  Adulterations  of  Bread. 

The  only  means  by  which  the  adulterations  of  bread  with  the  dif- 
ferent kinds  of  flour  enumerated  can  be  discovered,  is  by  the  microscope. 

Fig.  108. 


Wheat  5r«ad,  adulterated  with  potato.  Magnified  420  diameters. 


The  discovery  i&  very  much  more  easily  effected  in  flour  than  in 
bread,  because  the  heat  to  which  bread  is  subjected  in  baking  alters 
greatly  the  original  form  of  the  starch  granules,  and  so  renders  their 
identification  most  difiicult,  and  in  some  cases  impossible. 

The  characters  of  the  starches  of  the  several  flours  used  in  the 
adulteration  of  bread  have  already  been  described. 

A  A 
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In  tliose  cases  in  wliicli  it  is  impossible  to  recognise  tlie  starcb 
granules  by  means  of  tbe  microscope,  in  consequence  of  tbe  altera- 
tions wbicii  tbey  have  undergone,  search  should  be  made  for  poi-tions 
of  the  husk  of  the  several  grains,  as  these  are  much  less  affected  by  the 
heat  and  moistm-e  than  the  starch  granules  themselves. 

It  is  often  extremely  difficult  to  detect  the  presence  of  even  boiled 
and  mashed  potatoes  in  bread,  and  this  in  cases  in  which  it  is 
certain  that  they  have  been  used,  as  when  only  a  small  quantity  of 
potatoes  has  been  added  for  the  yeast  to  feed  upon.  This  difficulty, 
we  believe,  arises  from  the  fact  that  the  potato  cells  and  starch  granules 
become  entirely  broken  up  and  destroyed,  as  a  consequence  of  the  fer- 
mentation which  takes  place  during  the  preparation  of  the  patent  yeast. 
When,  however,  potatoes  are  employed  in  larger  quantity  and  are  added 
direct  to  the  flour,  the  detection  of  the  potato  cells  is  easily  effected  by 
the  microscope. 

The  method  for  the  discovery  of  hone  dust,  the  last  of  the  orgamc 
adulterations,  wiU  be  found  described  under  the  head  of  '  Flour.' 


The  Detection  of  the  Inorganic  Adulterations  of  Bread. 

The  methods  for  the  detection  and  estimation  of  nearly  the  whole  of 
the  inorganic  adulterations  of  bread  will  be  found  described  m  the 
article  on  '  Flom-,'  and  it  will  only  therefore  be  necessary  in  this  place 
to  give  the  more  important  processes  for  the  detection  and  estimation 
of  alum  and  sulphate  of  copper.  . 

On  the  detection  of  alum  in  bread.— Mu.c\  has  been  written,  and 
much  discussion  has  taken  place,  in  reference  to  the  methods  to  be 
pm-sued  for  the  detection  and  estimation  of  alum.  The  perusal  ot  ail 
that  has  been  written  on  this  subject  would  lead  an  ordinary  observer 
to  form  the  opinion  that  the  detection  and  estimation  of  alum  m  bread 
constituted  one  of  the  most  difficult  operations  in  chemistrv.  This  is 
really  not  so,  however,  and  there  are  several  processes  whereby  this  salt 
may  be  estimated  with  ease  and  undoubted  accuracy.  ^\  e  shall  notice 
only  those  methods  which  are  the  most  practical,  and  at  the  same  time 

accurate.  .  ,   ^     -r  i 

Aliuu  is  crystallised  sulphate  of  alumma  and  potash.  In  general, 
in  aualvsino-  flom-  or  bread  for  this  substance,  it  is  not  necessary  to  do 
more  than  estimate  the  alumina,  this  being  a  substance  which  is  not 
assimilated  by  plants,  and  which,  consequently,  does  not  occur  m  the 
ash  of  the  cereals.  It  is  safest,  however,  when  we  desu-e  to  exclude 
every  possibility  of  a  mistake,  to  estimate  the  amount  of  sulphm-ic  acid 
as  well  The  quantity  of  sulphm-ic  acid  natm-aUy  occurring  m  the  ash  ol 
the  grain  is  of  c(ftirse  to  be  deducted.  The  following  is  one  of  the 
best'^and  simplest  processes  which  can  be  adopted  ••— 

Incinerate  in  a  platinum  basin  75  grammes  of  the  flour,  or  lUU 
arammes  of  the  cnunb  of  the  bread.  The  incineration,  although  slow, 
fields  a  perfectly  white  ash,  free  fi-om  aU  carbonaceous  matter;  but  it 
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time  is  an  object,  the  bread,  after  being  chan-ed,  may  be  reduced  to 
powder  and  incinerated  in  a  muffle.  The  ash  is  boiled  in  the  platinum 
basin  with  some  strong  hydrochloric  acid  and  evaporated  to  dryness 
on  the  water-bath,  in  order  to  render  insoluble  any  silica  which  mio-ht 
have  been  in  solution.    The  dried  mass  is  moistened  and  heated  with 
a  few  drops  of  strong  hydrochloric  acid ;  50  cc.  of  water  are  then 
added,  and  the  solution,  which  contains  the  alumina  as  chloride  of 
ahmiinimi,  is  filtered.    The  filtrate  is  rendered  strongly  alkaline  by  a 
solution  of  pure  potash.    The  potash  precipitates  the  phosphates  of 
lime  _and_ magnesia,  while  the  alimiina  is  kept  in  solution.  The  alkaline 
solution  is  boiled,  and  after  filtration  is  slightly  acidulated  with  pnre 
hydrochloric  acid,  and  then  ammonia  is  added  imtil  the  reaction  of  the 
liquid  is  decidedly  alkaline.    If  any  precipitate  be  thrown  down,  this 
consists  of  alumina,  more  or  less  combined  with  phosphoric  acid,  phos- 
phate of  almnina  being  perfectly  analogous  in  many  of  its  properties 
with  pure  alumina.    The  precipitate  is  separated  bv  filtration,  washed, 
incinerated,  and  weighed.    It  is  then  decomposed  by  fusion  with  car- 
bonate of  soda,  tha  mass  is  dissolved  in  nitric  acid,  and  in  the  solution 
the  phosphoric  acid  is  estimated  as  described  imder  the  head  of '  Tea.' 
The  amount  of  phosphoric  acid  is  to  be  subtracted  from  the  weioht  of 
the  phosphoric  acid  and  alumina  obtained,  when  the  exact  amount  of 
alumina  will  be  ascertained. 

_  To  avoid  the  troublesome  estimation  of  the  phosphoric  acid,  we  are 
in  the  habit  of  adding  a  few  drops  of  phosphate  of  soda  to  the  solution 
before  precipitating  with  ammonia.  Pm-e  phosphate  of  alumina  is 
then  thrown  down,  which  may  easily  be  calculated  for  alum  100 
parts  of  ahunina  correspond  to  711-8  parts  of  crystallised  alum,  and 
100  parts  of  phosphate  of  alumina  to  299'2  parts" of  alnm. 

Another  method,  which  is  based  on  thoroughly  scientific  principles 
but  which  is  rather  complicated,  has  been  proposed  by  Dr  Dunre' 
'  Ohem.  News,'  Vol.  xxix.,  No.  757       One  hundred  gi-ammes  of  bread 
(crumb  only)  are  carefully  incinerated  in  a  platinum  dish     The  ash 
is  fused  m  the  dish,  with  about  thi-ee  times  its  weight  of  pure  carbonate 
ot  sodium,  or  of  a  mixture  of  the  carbonates  of  potassiiun  and  sodium 
m  equal  proportion.    The  incineration  and  fusion  are  best  performed 
m  a  muffle.    The  fused  mass  is  dissolved  in  hydrochloric  acid,  and  the 
solution  18  evaporated  to  diyness.    The  residue  is  redissolved  in  acid 
and  the  silica  filtered  off  as  usual.    To  the  filtrate  ammonia  is  added' 
until  a  slight  permanent  precipitation  is  produced,  which  is  then  redis- 
solved by  about  SIX  drops  of  strong  hydrochloric  acid.    A  slight  excess 
of  acetate  of  ammonium  is  now  added,  and  the  mixture  is  set  aside 
over  night.  Next  mormng  the  precipitate  formed  is  filtered  off,  washed, 
and  redissolved  m  hydrochlonc  acid.    The  solution  is  boiled  for  a  few 
minutes  with  a  smal  quantity  of  bisulphite  of  sodium,  and  an  excess 
of  caustic  soda  is  added,  and  the  boiling  continued  for  a  few  minutes 
.  •  P^'^^'P^t^te,  chiefly  magnetic  oxide  of  iron,  is  filtered  off, 
the  filtrate  is  rendered  feebly  acid  by  hydrochloric  acid,  and  acetate  of 
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ammonia  added  in  slight  excess.  After  standing  over-niglit  the  preci- 
pitate, now  consisting  of  pure  phosphate  of  aluminum,  is  collected  on 
a  filter,  washed,  dried,  ignited,  and  weighed.  By  multiplying  its 
weioht  in  grammes  by  542,  the  niuiiher  of  grams  of  alum  coiTespondmg 
to  the  amount  of  alumina  present  in  2  lbs.  of  the  bread  is  obtained.' 

In  both  these  methods  it  is  of  the  highest  importance  to  employ 
pure  reao-ents.  The  hydrochloric  acid  and  the  ammonia  never  contain 
any  alumina,  but  the  caustic  potash  or  soda  is  exceedingly  hable  to  be 
laro-ely  contaminated  with  it.  Care  therefore  must  be  taken  to  use  only 
pu?e  potash  or  soda ;  tJie  solution  must  be  freshly  prepared,  and  not 
allowed  to  stand  for  any  length  of  time  in  a  glass  flask  or  bottle, 
from  which  it  would  be  swce  to  dissolve  alumina.  It  is  advisable 
to  vieamre  the  quantities  of  all  reagents  used  in  the  course  of  the 
examination,  and  to  make  a  blank  experiment  with  the  same  quantises, 
determining  if  necessary  the  amount  of  alumina  found  in  them.  This, 
of  coiu'se,  is  to  be  deducted  from  the  alumina  obtained  from  the  flour 
or  bread.  But  it  is  best  to  take  the  most  scrupulous  care  to  procm'e  ;>Mre 

^  ^  Any  part  of  the  process  which  can  be  conducted  in  platinum  vessels 
ouffht  to  be  executed  therein  ;  glass  and  porcelain  vessels  should  be 
avoided.     The  alkaline  solution  must  never  he  boiled  m  glass  or 

^"'  it  iSs  been  alleged  that  by  the  evaporation  of  the  hydrochloric  acid 
solution  chloride  of  aluminiun  was  sure  to  be  volatihsed.  Only  the 
grossest  ignorance  of  chemistiy  can  lead  to  such  an  assertion.  Chlonde 
of  aluminium,  AL  Cl^,  is  volatile,  it  is  true,  but  only  when  anhydrous 
•  Evaporated  in  contact  with  water,  it  forms  hydrochloric  acid  and 
alvJina,  or  basic  chloride  of  aluminum.  _  A  loss  of  aluminum  by  vola- 
tiUsation  from  a  watery  or  acid  solution  is  absolutely  mipossible. 

Other  processes  have  been  proposed,  but  we  consider  jt  super- 
fluous to  enter  into  a  description  of  them.  One  or  other  of  the  two 
methods  described  is  siu-e  to  give  correct  results.  With  care  and 
practice  the  detection  of  almn  in  bread  is  not  difficult,  and  mistakes 
which  recently  have  not  unfrequently  occm-red,  are  mamly  due  to  want 
of  knowledo:e  and  care.  ,  ,  ■.        -a  a 

We  refer  to  the  following  process  in  order  that  it  may  be  avoided 
'  Soak  the  flour  or  bread  in  water,  filter  the  solution  and  treat  with 
ammonia  ;  the  precipitate  which  ensues  is  aliunina.'_  Nothing  can  be 
more  absiu-d  than  this.  As  we  have  seen,  alum  is,  in  bread^ 
Sined  as  such,  but  as  insoluble  phosphate  of  ahunina.  How  then, 
can  it  be  extracted  by  water  ?  A  precipitate  wiU  always  be  obtained, 
hnt  this  consists  of  nitrogenous  matter  and  of  earthv  phosphates. 

InotSuaciousteltisthe  logwood  te.L  We  have  frequentg 
employed  this  test  in  cases  in  which  alum  has  been  present  without  ob- 
tainino-  the  slightest  violet  coloration.  .      ,  ,       ^  „.„^ 

The  sulphuric  acid  may,  as  already  mentioned,  be  estimated  to 
corroborate  the  resvilts  obtained  by  the  estimation  of  the  alumina. 
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50  grammes  of  bread  are  incinerated,  the  ash  is  treated  with  pm-e 
hydrochloric  acid,  and  in  the  sohition  the  sulphuric  acid  is  precini- 
tated  by  means  of  chloride  of  barium.  The  sidphate  of  barium  is 
mterecl  ott,  washed,  weighed,  incinerated,  and  calculated  for  siUphm-ic 

It  is  said  that  the  salt  used  in  bread-maHng  may  contain  a  little 
alumina,  but  we  have  not  found  this  to  be  the  case  usuaUy,  and  if 
present  at  all  the  quantity  is  generally  extremely  minute 
^r.^  f\^^*^''^"''^  °f  ^^¥^"te  of  copper.-FoT  the  detection  of  copper 
m  bread  the  processes  desciibed  under  the  heads  of  'Bottled  Fruits 
and  Vegetables '  and  '  Pickles  '  should  be  followed 

bren?"'Tf;r'f'  °J  P*^*^^^^^™  if  ^  very  delicate  test  for  copper  in 
bread.    If  the  bread  be  moistened  with  a  solution  of  that  salt,  it  wiU 

iunnt^?   '  ""'"T^  "^"^"^  deep  according  to  the 

breal'hXbetcTnel ^^^^^^^^^  '^'^^  °f 


« 
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CHAPTER  Xin. 
OATMEAL  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

of  other  grain. 

Oaxmeax,  as  its  name  impHes,  consists  of  the  farina  or  meal  of  the 

^hich  will  he  found  represented  m  figs.  79  and  80 

Analyses  of  oats  will  he  found  at  PP' ^^San^  f  ^  j^^^  ^^tritive 
From  the  analyses  givenit  ^PP<^ff  .^^o^r^  oi  randldtrogenous 

article  of  diet,  richer  than  even  wheat  flour  m  ouy  ana 

matters.  ■  ^.■  „  ^r.  n■,^a^\V^e^=^  of  oatmeal :  one  of  these  is 

There  are  several  varieties  or  ^^^^1^  nf  thrCest  part  of  the  flour 
Robinson's  Patent  Groats  :  ^^f^^^^^^f  grain  being 

of  the  oat,  all  husk  and  the  outer  and  haider  pam  o    ^  ^ 

removed;  another  van^^l^f  ^^^^^^  powder, 
the  oats  depnved  of  husk  and  go^f^^      J^^^^       the  oats 

^.^rTZT:^r\!Z\X'^^^^  off  by  attrition  between 

^n:\he  reparation  of  fine  oatmeal  there^^^^ 
matter,  amounting  generally  contains 
hulk  of  the  oats  ;  this  is  composed  of  a  PJ^f  ^  '  ^  uttle  starch 

much  sile-.  J^^f/X^^^^^^^^^  Itr  fthS  HsuaU^^mixed  up  witi. 
S^e  — t  lscriprioL  of  oatmeal,  especiaUy  that  supphed  to 

"'Srthe  quality  of  oatmeal  depends  very  gi-eatly  upon  that  of  the 
oat  from  which  the  meal  is  prepared. 

THE  ADTTITEKATIONS  OF  OATMEAL. 

this  supposition  is  not  correct. 
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_  Oi  thirty  samples  of  oatmeal  submitted  to  examination  some  time 
since,  mfeew,  or  rather  more  than  one-half,  ^vere  found  to  he  adulterated 
with  large  quantities  of  Barley  Meal.  But  oatmeal  frequently  suffers 
deterioration  in  other  ways  besides  by  admixtm-e  with  barley  flour 
One  of  these  consists  in  adding  to  it  the  investing  membranes,  or  Aws/t; 
ot  the  oat,  barley,  and  ivheat,  technically  termed  '  rubble '  and  '  shams  ' 
and  which  are  rejected  in  the  preparation  of  the  purer  sorts  of  oat- 
meal, gnts  and  groats,  Scotch  and  pearl  barley. 

A  Tery  great  difference  exists  between  the  prices  of  oats  and  barley 
the  latter  costing  usuaUy  only  about  one-half  the  foi-mer.  The  induce- 
ment, therefore,  to  adulterate  oatmeal  is  very  great 

The  following  information,  fm-nished  us  some  years  since  by  a  cor- 
respondent on  whom  we  can  rely,  shows  this  article  to  be  subject  to 
systematic  adulteration.    He  writes:—  «  Buujeci;  lo 

T  nil!^fii°"^  ^^-^  analyses  have  taken  place  it  has  sti-uck  me  that 
IhiPh  I  S  i.  ^        information  as  to  an  article  of  food 

which  IS  adulterated  to  a  most  azoful  extent-yiz.,  oatmeal.    I  wiU 

w^tr  workhouses,  prisons,  and  charitable 

mstitutims,  which  are  generally  taken  at  contract  prices.    I  enclose 

at  iL'ner'cCt  ~~  l'^''  7^^^^  ^  t^el.t....l  ^as  tatn 
It.t'SV^-  ^  reference  to  my  stock-book,  I  find 

S  eT  an  1  r        I  ^^t-^^^l  reduced 

tvUli'Z  Ji^Z       ?  P'°fi*-    Well,  at  that  time  I  was 

tiymg  for  aU  the  contracts  m  London,  and  co  dd  not  succeed  my 
bemg  generally  about  4..  dearer  than  anyone's  else    this  wal 

tiTbllv  fl'-  ""iT^'f^  ^"'^  -^^^1  wis  adSeUed 
with  bar  ey  flom-,  which  is  bought  at  about  7s.  per  cwt ;  this  bein" 

mixed  with  the  oatmeal,  of  coi^se  reduced  the^ncr  f  then  be  nf 

"ou^  W."^  competitors,  tried,  and  haye  seryfd  the  aboye  woS? 

'Now,  the  fault  lies  here.  If  the  work-houses  were  to  take  the 
contracts  at  a  percentage  on  market  value,  then  therwou^d  it  W 

raScff        ''"'^""^'^  ^"'^      P™«'  get  an^aduTte- 

r..l  e  the  prices  ai-e  14s.,  15s.  6d.,  16s.,  and  17s  •  thus  if  a 

man  wants  to  he  honest  with  them,  they  mil  not  let  /.m.    I  have  ao-ain 

aLVefi\:tt'"Vr'^  ^  P"^^'^*^"^^  -  mariet  yalL  ;  °the 
aboyTirdXTaf^L'*  ''"^^  *°  T^"^        ^i^i^me^t.  made 

s,rd'rrtr~"^  *°  "^'^^^^'^  ^^^^^-^ed 

wit?'!?£  S'^fir'  ?W '^f  ^''\  ^''''^''^  Oalvert, 
elsewhere     '  T  w!>  ^^V^^^^^'  'I"       evidence,  already  referred  to 
isewnere      I  have  found  oatmeal,  generally  speaking,  in  fact  always, 
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mixed  with  rice  and  maize.  The  efiect  is  this — it  makes  less  porridge  ; 
in  other  words,  it  is  a  direct  loss  to  the  ratepayers,  because  the  cook  in 
the  workhouse  must  use  a  larger  proportion  of  this  adulterated  oatmeal 
to  make  a  certain  quantity  of  porridge,  than  if  it  is  pure  oatmeal.' 

The  following  evidence  was  furnished  to  the  Committee  on  Adul- 
teration, in  1855,  by  Mr.  Mackenzie,  of  Glasgow,  the  editor  of  '  The 
Refoi'mer's  Gazette,'  in  regard  to  the  adulteration  of  oatmeal : — 

'  Some  few  years  ago,  when  great  destitution  prevailed  in  the  West 
of  Scotland,  especially  in  the  Highlands,  a  large  sum  of  money, 
amovmtiug  to  60,000Z.  or  60,000^.,  was  devoted  to  fm-nishing  provisions, 
including  oatmeal,  to  the  Highlanders.  At  that  period  information 
was  given  me  that  a  very  large  quantity  of  that  oatmeal  was  adul- 
terated in  the  grossest  manner :  a  letter  was  sent  to  me,  which  I  thought 
it  my  duty  to  publish,  and  the  contractor  who  furnished  the  meal  re- 
ferred to  in  that  letter  threatened  me  with  an  action  of  damages. 
The  case  was  tried,  and  the  conti-actor  found  guilty,  and  adjudged  to 
imprisonment  for  three  months,  and  to  pay  a  fine  of  300/.  The  oat- 
meal was  mixed  with  bran  and  thirds,  the  common  food  for  horses  ; ' 
thirds  being  the  refuse  and  shell  of  the  wheat. 

'  To  my  amazement,'  continues  Mr.  Mackenzie, '  the  accused  brought 
forward  some  of  the  principal  miUers  in  Glasgow  to  swear  that  it  was 
quite  a  common  practice  (in  fact,  one  of  the  "  usages '')  of  the  trade.' 

The  adulteration  of  oatmeal  is  not  merely  important  in  a  pecuniary, 
but  is  of  some  consequence  in  a  sanitai-y  point  of  view. 

The  properties  of  oatmeal  are  thus  described  in  Pereu-a's  '  Materia 
Medica : ' — '  Oatmeal  is  an  important  and  valuable  article  of  food. 
With  the  exception  of  maize  or  Indian  corn,  it  is  richer  in  oily  and  fatty 
matter  than  any  of  the  other  cultivated  cereal  grains,  and  its  propor- 
tion of  protein  compounds  exceeds  that  of  the  finest  English  wheaten 
flour.  So  that  both  with  respect  to  its  heat  and  fat  making,  and  its 
flesh  and  blood  malring  principles,  it  holds  a  high  rank.' 

In  the  same  work  we  meet  with  the  following  account  of  harley 
meal  as  an  article  of  diet : — '  Barley  is  a  valuable  nutritive.  Con- 
sidered in  relation  to  wheat,  it  offers  several  peculiarities.  In  the  first 
place,  it  contains  much  less  protein  matter ;  in  other  words,  less  of  the 
flesh  and  blood  making  principle  ;  though  Count  Eiunford  considered 
barley  meal  in  soup  three  or  fom-  times  as  nutritious  as  wheat  flour. 
Secondly,  its  starch  offers  more  resistance  to  the  action  of  the  gastric 
juice,  in  consequence  of  its  more  difficult  solubility  in  water.  Thirdly, 
its  husk  is  slightly  acrid,  and  therefore  this  should  be  removed  fi'om 
barley  intended  for  dietetical  pm-poses,  aa  in  Scotch  and  pearl  barley. 
Fom-thly,  barley  meal  is  more  laxative  than  wheat  meal.' 

Contrasting  the  two,  it  appears  that  oatmeal  possesses  considerable 
dietetic  advantages  over  barley  meal. 

It  may  be  in  the  recollection  of  some  of  our  readers  that  at  the 
inquest  held  by  the  late  Mr.  Wakley  on  the  bodies  of  some  of  the  poor 
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cliildren  who  fell  victims  in  the  pest-house  at  Tooting,  the  fact  trans- 
pu-ed  that  the  oatmeal,  which  formed  so  considerable  a  part  of  their 
food,  was  extensively  adulterated  with  harley  meal. 

THE  DETECTION  OP  THE  ADTJLTEEATIOlfS  OP  OATMEAL. 

The  principal  adidterations  of  oatmeal,  as  already  noticed,  are  those 
with  the  refuse  matter  of  oats,  of  hurley,  and  even  wheat,  termed 
'  rubble '  and  '  sharps,'  and  with  barley  meal  and  rice  and  maize  floiu's  ; 
these  adulterations  may  be  detected  vnthoat,  in  most  cases,  any  con- 
siderable difficulty. 

On  the  detection  of  'rubble.'' — An  admixtui'e  of  rubble  may  be 
suspected  when  the  sample  presents  a  branny  appearance,  in  conse- 
quence of  the  presence  of  numerous  particles  of  husk  or  bran,  as  well 
as  of  the  outer  yellow  portion  of  the  grain.  In  order,  however,  to 
ensure  certainty  it  is  necessary  to  resort  to  chemistry  and  the  micro- 
scope. A  portion  of  the  article  may  be  analysed  quantitatively  for 
silicic  acid  ;  the  ash  of  about  10  grammes  must  be  boiled  with  dilute 
hydrochloric  acid,  and  evaporated  to  dimness;  the  residue  is  again 
taken  up  with  hydi-ochloric  acid.  This  vpiU  dissolve  all  but  the  silica, 
which  must  be  washed,  ignited,  and  weighed. 

Of  course  the  percentage  of  silica  in  rubble  is  very  much  higher 
than  it  is  in  the  whole  grain. 

In  those  cases  in  which  the  rubble  of  barley  meal  has  been  used  the 
starch  granules  of  that  cereal  may  be  readily  detected  by  means  of  the 
microscope,  as  also  portions  of  the  investing  membranes,  the  structures 
of  which,  so  different  from  those  of  oat,  are  described  at  p.  294,  and 
figured  at  p.  291. 

In  like  manner,  the  microscope  furnishes  the  means  of  discovering 
the  presence  of  xvheat  rubble  or  sharps  in  oatmeal.  The  starch  granules 
of  wheat  and  barley  so  nearly  resemble  each  other,  that  when  mixed 
together  it  is  impossible  to  distinguish  the  one  from  the  other ;  the 
investing  membranes  of  the  grain  of  wheat,  described  and  figured  at 
pp.  287_and  288,  are,  however,  so  difierent  from  those  of  barley,  that 
they  afi'ord  a  certain  means  of  discrimination. 

On  the  detection  of  barley  meal. — The  microscope  affords  the  only 
means  by  which  this  adulteration  can  be  discovered.  The  starch 
granides  of  oat  and  barley  have  abeady  been  described  and  figures 
of  them  given  ;  the  differences  are  so  great,  that  a  momentary  glance 
with  the  microscope  is  all  that  is  necessary  to  enable  the  observer  to 
distinguish  genuine  oatmeal  from  that  adulterated  with  barley  meal  or 
wheat  flour.  The  starch  granules  of  the  oat  are  small,  angular,  and 
frequently  aggregated  into  compoimd  bodies  of  a  rounded  form,  while 
those  of  barley  are  much  larger,  round,  and  flat.  But  the  main  dis- 
tinction 18  furnished  by  the  diflerences  in  the  structui-e  of  the  investirig 
membranes  comprising  the  husk. 

It  is  very  possible,  however,  to  mistake  the  starch  granules  of  wheat 
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for  those  of  barley  ;  but  wheat  flour  is  rarely  used  m  the  adulteration 
of  oatmeal;  this  error  may  he  avoided  by  a  care  ul  examination  of  the 
portions  of  test^  met  with,  the  structure  of  which  m  wheat,  harlev, 
and  oat  is  so  very  difterent,  as  will  appear  from  an  examination  ot  the 
descriptions  and  figures  given  under  the  article  i^lour. 


Fig.  109. 


Oatmeal 


adulterated  with  Jmrley  meal.  Magmfled  225  diameters. 


On  the  MecfAon  of  rice        l^u^i^e.-J^^  ^^^^^^ 
promptly  discovered  by  means  of  the  microscope,    (bee  ng.  o  ,  p 
and  fig.  81,  p.  302.) 
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CHAPTER  XIV . 
ARROWROOT  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  other  starch  or  farina  than  that  indicated  hy  the  name  under  which  it 
13  sold  or  any  added  vegetable  or  mineral  substance.  Arrowroot  should  be  dis- 
tinguished rather  by  the  name  of  the  plant  from  which  it  is  derived  than  by 
tnat  ot  the  locality  m  which  it  13  grown.  Mixtures  of  more  than  one  kind  of 
arrowroot  to  be  sold  as  mixtures. 

The  term  '  aiTowi-oot'  was  originaUy  applied  to  the  rMzome  or  root 
ot  Marnnta  m-undtnacea,  in  cousequence  of  its  supposed  efficacy  in 
coimteractmg  the  effects  of  wounds  inflicted  by  poisoned  arrows. 

Ul  late  years  the  signification  of  the  term  has  been  much  extended 
and  It.  18  now  employed  to  designate  ahnost  every  fecula  which  bears 
any  resemblance  to  ti-ue  or  Maranta  arrowroot,  no  matter  how  dissimilar 
tiie  plants  may  be  from  which  it  is  obtained. 

Attending  this  enlarged  use  of  the  word  arrowroot  are  certain  dis- 
advantages. Many  persons  consider  that  all  arrowroots  constitute  one 
and  the  same  article,  varying  only  in  quahty,  and  according  to  the 
place  from  which  they  are  procured  ;  while  but  few  persons  are  aware 
that  there  are  several  distmct  kinds  of  arrowroot,  the  produce  of  dif- 
ferent plants,  gi-eat  uncertainty  and  confusion  being  thus  created 

lo  mcrease  this  confusion,  the  word  '  genuine  '  is  often  prefixed  to 

r^^^^^V  ^^^'^      ^^^^^^1  of  arrowroot,  so 

must  there  be  several  genmne  an-owroots.    These  vary  in  value  from  a 
few  pence  to  two  or  three  shiUings  the  pound-from,  in  fact,  the  value 
of  genuine  Maranta  arrowi-oot  to  that  of  genuine  potato  arrowroot 
"""^'^^^^^'P^^^'^^^J^  the  public  at  large  are  but  ill  acquainted 

The  difficulty  and  confusion  are  still  fmther  enhanced  by  applying 
which  1^^^-'  <io^e,  the  name  of  the  place  fi-om 

DemLrV^        f  '  S''^^'  ^^^^^^^  West  Indian,  Jamaica, 

Demerara    Bermuda,  St  Vmcent,  East  Indian,  Brazilian,  African 
Gmnea,  Sierra  Leone,  Portland,  British,  and  a  variety  of  other 

Se  nt  otaiTowroot;  others  imagine  that  they  aU  in- 

S\sTnSt  f'^TiPr'^"'^^""'  while  the  fact  is,  that  in  some 
cases  as  in  that  of  East  India  arrowroot,  one  name  may  be  indiscri- 
mmately  apphed  to  two  distinct  kinds  of 'arrowi-oot,  aSn  othersrsi 
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or  eight  names  all  signify  but  a  single  land  or  species,  as  is  the  case 
with  West  India  arrowroot.  This  great  variety  of  names  is  objection- 
able, not  merely  because  it  tends  to  confuse  the  public,  but  because  it 
otters  to  the  fraudulent  gi-eat  facilities  for  adulteration  and  imposition, 
of  which,  as  we  shaU  see  hereafter,  they  have  not  failed  to  avail  them- 
selves. 

The  remedy  for  this  state  of  things  is  simple ;  each  really  distinct 
arrowroot,  that  is,  every  an-owroot  which  is  the  product  of  a  distinct 
plant,  should  be  designated  by  the  name  of  the  species  from  which  it 
is  derived,  as  Maranta,  Cm-cuma,  Tacca,  Manihot,  Arum,  Potato 
Arrowroot,  &c. 

The  employment  of  these  terms  should  not  be  optional,  but  com- 
pulsory,  for  the  better  protection  of  the  public  against  fraud  in  this 
article  of  food.  The  propriety  of  this  suggestion  wiU  become  still 
more  evident  as  we  proceed. 

We  shall  now  describe  each  kind  of  arrowroot  separately,  obser^-ing 
of  them  all,  that  when  pm-e  they  are  non-nitrogenised  substances,  and 
therefore  adapted  to  the  formation  of  the  fat  of  the  body,  and  to  the 
maintenance  of  respiration  and  temperatm-e. 

MAEANTA  AREOWROOT. 

Maranta  arrowroot  is  obtained  from  the  rhizomes  of  Maranta  arun- 
dinacea,  one  of  the  family  of  the  Marantaceee. 

A  rhizome  is  an  underground  jointed  stem  placed  horizontally  in 
the  earth,  giving  off  from  its  upper  surface  branches,  and  from  the 
lower  radicles  or  roots ;  the  starch  or  fecula  is  contained  in  the  joints 
of  the  rhizome,  being  deposited  in  innumerable  minute  cells. 

The  following  account  of  its  preparation  is  given  by  Dr.  Pereu-a  in 
his  '  Materia  Medica ' : — 

'  The  starch,  or  fecula,  is  extracted  fi-om  the  roots  (tubers),_  when 
these  are  about  ten  or  twelve  months  old.  The  process  is  entii-ely  a 
mechanical  one,  and  is  performed  either  by  hand  or  by  machine. 

'  In  Jamaica  it  is  procm'ed  as  follows  :— Tlie  tubers  are  dug  up, 
well  washed  in  water,  and  then  beaten  in  large,  deep,  wooden  moi-tars 
to  a  pulp.  This  is  thrown  into  a  large  tub  of  clean  water.  The 
whole  is  then  well  stirred,  and  the  fibrous  part  -svTimg  out  by  the 
hands  and  thrown  away.  The  milky  liquor  being  passed  through  & 
hair  sieve,  or  coarse  cloth,  is  suffered  to  settle,  and  the  clear  water  is 
drained  off.  At  the  bottom  of  the  vessel  is  a  white  mass,  which  is 
again  mixed  with  clean  water,  and  drained  ;  lastly,  the  mass  is  dried 
on  sheets  in  the  sun,  and  is  pm-e  starch. 

'  In  Bei-muda  the  roots  are  first  deprived  of  their  paper-like  scales, 
and  then  rasped  by  a  kind  of  wheel  rasp,  and  the  fecula  well  washed 
through  sieves  and  carefully  dried. 

'  Upon  the  Hopewell  estate,  in  the  island  of  St.  \ mcent,  the  care- 
fully skinned  tuber.s  are  washed,  then  ground  m  a  mill,  and  the  pulp 
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washed  in  tinned  copper  cylindrical  wasliing--macliines.  The  fecula 
IS  subsequently  dried  in  drying  houses.  In  order  to  obtain  the  fecula 
free  from  impiu-ity  pure  water  must  be  used,  and  great  care  and 
attention  paid  in  every  step  of  the  process.  The  skinning  or  peelin<^ 
of  the  tubers  must  be  performed  with  great  nicety,  as  the  cuticle  con- 
tains a  resinous  matter,  which  imparts  colour  and  a  disagreeable  flavour 
to  the  starch.  German  silver  palettes  are  used  for  slrimmino-  the 
deposited  fecula,  and  shovels  of  the  same  metal  for  packing  the^dried 
fecula  Th  drying  is  effected  in  pans  covered  by  white  gauze,  to 
exclude  dust  and  insects.'  5  j 

Fig.  110. 


starch  gramiles  of  Maiunta  arrowroot,  caUed  commonly  West  India  arrowroot 
Drawn  with  the  Camera  Lncida,  and  magnified  240  diameters 

starik  f'^™i«i^es,  according  to  Benzon,  about  26  percent,  of 

.r.o  "^"^  ^"^^'i^^te^'^ted  Maranta  arrowroot  should  be  of  a  dull  and 
opaque  white  colour,  crepitating  or  crackling  when  pressed  beiwern 
the  hngers,  and  treated  with  about  twice  its  weight  of  concentSed 
hydrochlonc  acid  it  should  yield  an  opaque  paste  ^  concentrated 

by  cer^i^TtSTw'  ^arances  may  all,  however,  be  assumed 
by  certain  of  the  other  arrowroots;  the  microscope,  therefore,  affords 
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the  only  ready  and  certain  means  of  distinguishing  this  arrowroot  from 
all  other  species,  and  these  again  from  each  other.  ^,  ^  .  ^ 

Characters  of  the  starch  corpiiscte. -Exammed  with  that  instru- 
ment the  gi-anules  or  particles  of  Maranta  arrowoot  are  found  to  be 
usually  more  or  less  oMong  and  ovate,  hut  sometimes  they  are  mussel- 
shaped  or  even  almost  triangular  ;  they  vary  considerahly  m  size,  hut 
each  of  the  larger  gTannles  is  marked  hy  a  numher  of  delicate  concen- 
tric Hnes :  at  the  hroad  or  large  extremity  of  each  a  distinct  spot  is 
visihle,  ordinarily  considered  to  he  a  cavity,  and  denommated  the 
'  hihim  • '  this  spot  is  sometimes  cu-cular,  hut  most  frequently  it  is  seen 
as  a  short,  sharp  line,  running  transversely  across  the  granule ;  it  tur- 
iiishes  a  most  distinctive  feature  hy  which  Maranta  arro^vroot  may  be 
at  all  times  very  readily  identified  (fig.  110). 

When  hoilino-  water  is  added  to  Maranta  or  any  other  arrowroot, 
its  physical  condition  undergoes  a  gi-eat  and  siupnsing  alteration,  the 
nature  of  which  may  he  clearly  traced  hy  means  of  the  microscope.  A 
tahlespoonful  of  arrowroot,  on  which  a  pint  of  hoiling  water  is  poured, 
immediately  loses  its  whiteness  and  opacity,  hecomes  transparent,  and 
the  entire  of  the  water  is  as  it  were  converted  into  a  thick  and  jelly- 
like suhstance.    If  a  little  of  this  he  diffused  through  cold  water,  and 
examined  with  the  microscope,  it  will  he  seen  that  the  starch  granules 
"ered  amazingly:  they'have  increased  to  tw-ty  or  thirty  un^ 
their  orio-inal  volume  ;  they  are  more  or  less  rounded  ;  the  concentiic 
lines  and  the  hihmi  are  ohliterated ;  the  memhrane  of  each  granule  is 
runtured  and  a  granular  matter  has  escaped  from  its  mtenor. 

^Ce  VpeUatSns  which  have  heen  bestowed  upon  Maranta  arrow- 
root are  ve^ry  numerous;  their  use  ought  to  he  whoUy  discontinued 
Si  the  reasons  abeady  assigned:  thus  it  ^ 

»r?;srof  "nat^'^'lUTcS: 

"ohs^oJuVtEe'™^^  ^-^^^^  P^^^^  " 

cultivated  in  the  East  as  weU  as  m  the  West  indies. 

CAKSA,  OR  TOTTS  LES  MOIS  AKKOWROOT. 

Canna  edulis,  the  plant  from  the  tuhers  of  which  the  starch  kuown 
as  TomtesMois\.  obtained,  belongs  to  the  natural  order  Marantacece, 
which  includes  Maranta  arundmacea,  or  West  India  aiTOwroot. 

The  starch  is  obtained  much  in  the  same  manner  as  that  of  the  other 
o.rntn-note  •  that  is,  the  tubers  are  rasped,  and  the  fecula  separated 
?;rtre  pWp  bVwashing,  straining,  decantation  of  the  supernatant 
tqi?or  and^  fecation  of  l^he  deposited  starch.    It  is  imported  from 

The'ielly  yielded  by  it  is  said  to  be  more  tenacious,  but  less  clear: 
„r,;i  tvmi^lucent.  than  that  of  other  an-owroots.  ,  . 

'    OwTnX  S'eir  large  size,  the  starch  granules  exhibit  a  ghstening  or, 
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f«lmy.appeanuicei  they  iiSm'  from  other  dietetic  atarchee  not  „„i 
m  ttar  m,,ci  greater  dimemions,  but  in  eertaiu  othei  partfcul«. 

.earh^"r™j;Cetf  CrS- 
I^t'wia^^Zitf'pid'afthr^'^^^^^^^^ 

Aape,  ier„g  fiat,  and  tJ>e  stife  are  much  r^ore  ^'X  k^l  numerous! 

Kg.  in. 


Canna,  or  T-o^*  ai-rowroot.   Magnified  225  diameters. 

are  more  regular  than  in  potato 


Wiewed  by  polarised  light  the  crosses 
-starch. 


CTOCUSrA  ARROWROOT, 

Ciircmna  arrowroot  is  obtained  from  thp  fnl^ova  n. 
■t/oH  one  of  the  family  of  the  ZinffZlZ 

>J^:dTn':^^^^^  materially  irom  that 

and  which  hfs  already  been  described  ^"'""^''^  ~ 
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Two  qualities  of  Curcuma  arrowroot  are  imported  into  tliis  country 
from  tlie  East  Indies,  principally  from  Calcutta,  a  white  and  a  brown 

vanety^  ^^^^  ^^^^  ^        powder,  when  pressed  between  the 

fino-ers  feels  less  firm,  and  does  not  crepitate  to  the  same  extent  as 
Maranta  arrowroot ;  the  two  species  can,  however,  be  distinguished 
fi-om  each  other  only  with  certainty  by  means  of  the  microscope. 

Characters  of  the  starch  corjOMScZes.— Examined  with  that  instru- 
ment, the  n-anules  appear  elongated,  and  are  iiTegularly  ovate ;  being 
flat  they  present  but  Uttle  lateral  shading  ;  the  lines  which  mark  the 


Pig.  112. 


Cdrcuma  arrowroot,  commonly  denominated  East  India  arrowroot.  Drawn 
CDRCUMA  anow ^^^^^  ^^j^.^^^       magnified  240  diameters. 

surface  are  tolerably  distinct,  but  they  describe  segments  of  circles  o^y, 
Tnf  t?e  Hlum,  whi'ch  is  usually  very  indistinct  and  sometimes  iimsible 
i.  nlmd  at  the  narrow  extremity  of  eaoli  granule.    In  sj^e  tne  par 
tt^ty  consideraWj.tat  maiy  ot  thm  much  exceed  the  largest 

a„o"y  fte  .i.e  aW  forr. 

hilum,  and  the  incomplete  imgs  seen  on  the  surtaces  oi  xne  ^ 
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Ciu'ciima  arrowroot  is  commonly  called  East  India  arrowroot,  the 
same  name  being  sometimes  applied  to  Maranta  arrowroot  cidtivated  in 
the  East,  and  sent  to  this  coimtry ;  we  have  thus  two  distinct  species 
of  arrowTOot,  of  dilierent  qualities  and  value;  confounded  together 
under  one  name. 

TACCA  AEEOWKOOT, 

Tacca  aiTowroot  is  obtained  from  the  tubers  of  Tacea  oceanica,  a 
native  of  the  South  Sea  Islands,  after  the  chief  of  which,  Tahiti  or 
Otaheite,  it  is  usually  designated. 


Fig.  113. 


Tacca  arrowroot,  called  usuaUy  Tahiti  or  Otaheite  arro-svroot.  Drawn  with 
the  Camera  Lucida,  and  magnified  220  diameters. 

According  to  Ellis,i  it  grows  on  the  higli  sandy  banis  near  the 
sea,  or  on  the  sides  of  the  lower  moimtains. 

In  Pereira's  '  Elements  of  Materia  Medica '  the  following  account 
18  given  of  the  preparation  of  the  fecula :— '  At  Tahiti  this  is  procured 
by  washing  the  tubers,  scraping  off  their  outer  skin,  and  then  reducing 
them  to  a  pulp  by  friction  on  a  kind  of  rasp,  made  by  winding  co9,rse 

1  '  Polynesian  Researches.' 
B  B 
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twine  (formed  of  tlie  cocoa-nut  fibre)  regularly  round  a  board. ^  The 
pulp  is  washed  with  sea  water  through  a  sieve,  made  of  the  fibrous  web 
which  protects  the  young  frond  of  the  cocoa-nut  pahn.  The  strained 
liquor  is  received  in  a  wooden  trough,  in  which  thefecula  is  deposited ; 
and  the  supernatant  liquor  being  poured  off,  the  sediment  is  formed 
into  balls,  which  are  dried  in  the  sun  for  twelve  or  twenty-four  hours, 
then  brolien  and  reduced  to  powder,  which  is  spread  out  in  the  "sun 
to  dry.' 

Tacca  arrowroot  is  a  white,  starch-like  powder,  having  a  shghtly 
musty  odour. 

C'haracfers  of  the  starch  corpuscles. — The  granules  resemble  some- 
what those  of  sago  meal,  but  are  very  much  smaller ;  when  viewed 
sideways,  they  are  muller-shaped,  with  truncate  or  dihedral  bases, 
and  when  seen  endways  they  appear  circular,  and  occasionally  angular 
or  polyhedral.  The  rings  are  few  and  indistinct,  and  the  hilum  cir- 
cular, sometimes  fissm-ed  in  a  stellate  manner  (fig.  113). 

Tacca  aiTowroot  was  sold  in  London  for  some  years,  in  packages, 
as  '  arrowi'oot  prepared  by  the  native  converts  of  the  missionary 
stations  in  the  South  Sea  Islands.'  It  is  sometimes  spoken  of  as 
'  Williams's  arrowroot,'  after  the  missionary  of  that  name. 

The  slightly  musty  odom-  which  it  usually  possesses  shows  that  it 
is  not  in  general  prepared  with  quite  the  same  amount  of  care  as  is 
bestowed  on  Maranta  aiTOwi'oot. 

MANIHOT  AEROWEOOT, 

The  flour  or  farina  of  Manihot  utilissima,  the  plant  which  yields 
'  tapioca,'  is  sometimes  imported  into  this  country  under  the  name  of 
'  Brazilian  arrowi'oot.' 

To  the  application  of  the  word  arrowroot  to  the  fecula  of  this 
plant  there  exists  no  objection,  since  it  resembles  closely  the  other 
arrowroots  in  its  properties. 

Manihot  utilissima,  the  Cassava  or  tapioca  plant,  and  the  manner 
in  which  the  fecula  is  first  obtained,  and  subsequently  converted  into 
the  substance  called  tapioca,  will  be  found  described  in  the  report 
upon  '  Tapioca.' 

Characters  of  the  starch  corpuscles. — Manihot  arrowroot,  like  the 
other  kinds  already  described,  may  be  distinguished  by  the  size,  form, 
and  other  characters  of  its  constituent  granviles,  which  resemble  some- 
what closely  those  of  Tacca  arrowroot,  but  are  considerably  smaller, 
with  a  larger  proportion  of  granules,  which  exhibit  a  circular  outline, 
as  seen  in  the  field  of  the  microscope :  the  hiliuu  is  usually  fissm-ed 
(fig.  119). 

1  Ellis  states  that  the  rind  of  the  root  is  scraped  off  by  a  cowrie  shell,  and 
the  root  then  gi-ated  on  a  piece  of  coral. 
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POTATO  ARROWROOT. 
Potato  flour,  or  an-owroot,  sometimes  called  British  or  English 
arrowroot,,  is  prepared  by  rasping  and  grinding  the  well-cleansed 
tubers  of  Solanum  tuberosum  into  a  pulp.  This  is  repeatedly  washed, 
and  the  water  strained  through  a  sieve,  which  contains  the  cellular 
tissue,  and  allows  the  starch  to  pass  through.  After  a  time  the  starch 
is  deposited  at  the  bottom  of  the  vessel,  is  again  well  washed,  and 
finally  dried. 

Fig.  114. 


Potato  arrowroot,  commonly  called  British  arrowroot.   Drawn  with  the 
Camera  Lucida,  and  magnified  220  diameters. 


Potato  Starch  forma  a  white  and  somewhat  glistening  powder, 
which  crackles  like  genuine  Maranta  arrowroot  when  pressed  between 
the  fingers. 

Characters  of  the  starch  corjjuscles. — The  granules  vary  greatly  in 
size  and  shape :  some  are  very  small  and  circular,  others  large,  ovate, 
or  oyster-shaped.  The  larger  granides  exhibit  numerous  very  distinct 
concentric  rings,  and  the  hilimi,  which  is  small,  but  well  defined,  is 
situated  in  the  narrow  extremity  of  each  granide :  not  unfrequently 
granules  may  be  observed  of  an  oval  form,  divided  by  a  fine  line  into 
two  portions  or  segments,  each  of  which  is  provided  with  a  hilum. 

BB  2 
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We  have  noticed  the  same  compound  granule  in  some  of  the  other 
arrowroots,  particularly  the  Tacca  species.  _ 

The  oTanules  of  potato  arrowroot  difter  from  those  of  the  previously 
described  starches  in  their  larger  size,  in  their  form,  and  in  the  number 
and  distinctness  of  the  concentric  rings  which  each  granule  presents 

to  view  (fig.  114).  1.   J-  .•      •  1  J 

No  means  exist  by  which  potato  aiTOwroot  may  be  distinguished 
so  satisfactorily' as  by  the  microscope ;  yet  it  is  proper  to  state,  it  has 
been  observed  that  this  substance  is  acted  upon  by  certain  reagents 
in  a  manner  different  from  Marauta  arrowroot.  Mixed  with  twice  its 
weio-ht  of  concentrated  hydrochloric  acid,  Maranta  arrowi-oot  yields 
an  opaque  paste ;  whereas  that  formed  with  potato  an-owroot  is  trans- 
parent and  jelly-like.  When  boiled  with  water  and  sulphuric  acid 
the  latter  evolves  a  peculiar  and  somewhat  disagreeable  odour,  which 
is  not  the  case  with  the  former  when  treated  in  the  same  manner 
Lastly,  alcohol  extracts  from  potato  floiu-  an  acrid  oH,  not  contamed 
in  the  fecula  of  the  Maranta  plant. 

Potato  arrowroot  is  the  cheapest  of  aU  the  starches  regarded  as 
arrowa-oots,  the  retail  price  varying  from  4(1.  to  6d.  per  pound.  _  AJ- 
thouo-h  a  cheap  and  useful  article  of  diet,  it  is  of  com-se  inferior  to 
Maranta  arrowroot,  the  inferiority  bein-  in  part  due  to  the  want  ot 
sufficient  care  and  nicety  in  its  preparation. 

MAIZD  AKKOWKOOT. 

A  very  excellent  arrowroot  is  larg;ely  prepared  from  Zea  mats,  and 
sold  under  the  name  of  cornflour  (fig.  81). 

KICE  AKEOWKOOT. 

Another  description  of  arrowroot  which -has  recently  come  much 
into  use  is  prepared  from  rice,  Oriza  mtim,  and  sold  under  the  name  of 
rice  flour.  It  is  largely  manufactiu:ed  by  Messrs.  J.  and  J.  Oolman 
(fig.  84). 

ABUM  AEROWROOX. 

Arum  arrowroot  is  procured  from  the  tubers  of  Arum  nmculatum, 
the  common  'cuckoo  pint,'  'wake  robin,'  and /lords  and  ladies : 
it  is  prepared  chiefly  in  Portland  island  ;  hence  it  is  generally  caUed 

'  Portland  arrowroot.'  .         .    ^^  j.   j    i.  a 

The  mode  of  its  preparation  is  very  similar  to  that  adopted  witn 
the  other  arrowroots  ;  the  tubers  are  pounded  in  a  mortar,  the  pulp 
reneatedlv  washed,  and  the  water  subsequently  strained.  As  the 
Xs  arJ  Zrj  acrid,  great  care  is  required  in  the  washmg  and  stram- 
intr  so  that  the  acridity  may  be  completely  removed. 
^bZracters  of  starch  corpru^cle..-T^^^^ 

root  are  very  smaU,  and,  except  in  size,  they  resemble  very  closely 
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those  of  Tacca  arrowroot ;  but  this  difference  is  sufficiently  constant  and 
considerable  to  ensm-e  the  readv  identification  of  the  two  kinds 
(fig.  115). 

Sti-ictly  speaking,  the  word  arrowi'oot  may  be  applied  to  every 
pure  starch,  that  is,  every  article  consisting  only  of  starch  the  produce 
of  one  plant.  Now  pure  starch  may  be  obtained  from  nearly  any 
grain  or  plants  containing  starch  in  considerable  amount,  as  fi'om  wheat, 
rye,  &c. ;  hence  we  may  have  arrowi'oot  procured  from  each  of  the 
grains  named  as  well  as  a  variety  of  others. 

Fig.  115. 


Arum  arrowroot,  commonly  called  '  Portland  arrowoot.'   Drawn  with  the 
Camera  Lucida,  and  magnified  240  diameters. 


THE  ADULTERATION'S  OP  AEEOWEOOT. 

The  adulterations  to  which  arrowroot  is  subject  consist,  first,  in 
the  mixing  together  of  aiTowroots  of  different  kinds  and  of  different 
commercial  value  and,  second,  in  the  admixture  with  genuine  aiTOw- 
root  of  Other  starches  not  usually  recognised  as  arrowroot,  and  of 
low  pnce ;  occasionally  starches  not  aiTowroots  are  substituted  for 
arrowroot. 

The  adulterations  of  arrowroot  are  usually  practised  at  home.  From 
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evidence  kindly  furnished  us  by  Mr.  Day,  of  pavendish  Str^^^^ 
it  appears,  however,  that  not  unfrequent  y  it  is  mixed  with  inferior 
SarSes,  as  those  of  potato  and  sago,  m 

JfpJlts  of  the  examination  of  samples.— (Jt  Jijty  samples  oi  arrow 
root  suSfei^^^^^  examination,  no  less  than  t.oeaty-tico 

^''Ll^^rriples  the  adulteration  consisted  in  the  addition  of  a 
single  art  cle  much  cheaper  in  price,  and  very  inferior  m  quality,  to 
'^::^^oZot,tYn.,l  ten  iWnces,  heing  potato Jlour;  -  five, 

^ptTSsKlrtmployment  of  two  difi^rent 

-^tr?;S£s  starcheswereempWi^^ 
+^^pt^nn_viz   potato  flour,  sago  meal,  and  tainoca  starch  or  fecula. 

Ten  of  the  S?ow4ots  contained  scarcely  a  partrcle  of  putne 
MarZa  orWest  Indian  arrowroot,  for  which  they  were  sold  One 
Sed  almost  entirely  of  sago  ^^^^^^ 

or  starch. 

THU  DE-raCIION  OF  lEE  JBTOTmiHOSS  OP  iEKOmOOI. 

The  adulteratious  practised  upon  airomoot  are  aJl  of  them  readily 
Tin!;?:cJrr  ^^crTpSato  ..rch         aire*  ,«o 

d  jrifand  h,.„,d  at  J. 

one  extremity the  othei  f      ^'^"^^^     ,^  and  rounded  part 

Z^^SJ^^^^  we.  India, 

arrowroot. 
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CHAPTER  XV. 
SAGO  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  other  starch  or  farina  than  that  of  the  sago  plant,  or  any  added  vegetable 

or  mineral  substances. 

The  farinaceous  substance  known  as  sago  is  obtained  from  the  pith 
of  the  stems  of  several  lands  of  palm,  as  the  following- : — Sa^m  rumphii, 
S.  farinifera,  S.  rajjhia,  S.  laems,  and  S.  genuina.  These  palms  grow  in 
the  islands  of  the  Indian  Archipelago,  Madagascar,  and  New  Guinea. 

Sago  is  also  obtained  from  Cycas  circinalis  and  Cycas  revoluta, 
which  grow  in  China  and  Japan.  It  is  thus  prepared  : — The  pith  is 
stirred  up  with  water  on  sieves.  The  starch  is  thus  washed  out,  and, 
subsiding  from  the  water,  is  collected,  partially  dried,  granulated  by 
being  passed  through  sieves,  and  finally  dried  either  in  the  air,  or  in 
ovens  at  a  temperatm-e  of  60°  C,  whereby  the  starch  granules  become 
altered  in  form,  and  the  grains  are  rendered  somewhat  translucent. 
The  specific  gravity  of  sag-o  varies  from  0-670  to  0-776. 

Sago  is  prepared  in  the  forms  of  rato  sago  meal,  sago  four,  and 
several  kinds  of  granulated  sago,  as  lohite,  red,  hrotm  red,  hrotm,  and 
pearl  sago. 

Rcnv  sago  meal  is  procured  in  the  Moluccas  as  follows : — When 
sufficiently  mature  the  tree  is  cut  down  near  the  root,  divided  into 
pieces  six  or  seven  feet  long,  each  of  which  is  split  down  the  middle ; 
the  pith  is  then  extracted,  and,  with  an  insti-ument  of  bamboo  or  hard 
wood,  is  reduced  to  powder  like  sawdust ;  it  is  mixed  with  water,  and 
the  mixtm-e  strained  through  a  sieve  which  retains  the  cellular  tissue 
of  the  pith.  The  strained  liquor  contains  the  farina,  which,  after  being 
deposited,  is  washed  once  or  twice,  and  is  then  fit  for  use. 

Sago  four  is  prepared  from  sag-o  meal  by  repeated  sifting  and 
washing ;  it  is  also  usually  bleached  by  means  of  chloride  of  lime. 

In  the  countries  in  which  sago  pabns  are  produced  the  pith  is  eaten, 
and  m  some  cases,  as  with  the  inhabitants  of  the  Moluccas,  it  consti- 
tutes their  staff  of  life. 

Characters  of  the  starch  corpmcles.-  -The  farina  or  starch  of  sago, 
examined  with  the  microscope,  is  seen  to  consist  of  granules  of  con- 
^^^^rable  size  and  elongated  form,  being  usually  rounded  at  one  end 
which  18  the  larger,  and,  owing  to  the  mutual  pressure  of  the  particles. 
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truncate  at  the  other  extremity ;  the  hilum,  when  perfect,  is  circular  : 
but  it  is  often  cracked,  when  it  appears  as  a  slit,  cross,  or  star. 
Surrounding  the  hilum,  a  few  indistinct  rings  may  usually  be  perceived 
in  some  of  the  gi-anules.  Examined  with  the  polarLscope,  the  par- 
ticles usually  exhibit  a  black  cross,  the  hilum  being  the  centre  (fig. 
116). 


'  THE  ABtTLTEEATIONS  OP  SAGO. 

The  principal  adulteration  of  sago  flom-  and  of  granulated  sago  is 
with  potato  starch.  Frequently  a  factitious  sago  prepared  from  potato 
starch  is  substituted  for  true  sago. 


Fig.  118. 


Sago  Starch.  Magnified  225  diameters. 


Pereira  has  the  following  remarks  in  relation  to  factitious  sago 
'  This  is  prepared  in  both  Germany  and  in  France,  at  Gentilly  near 
Paris,  with  potato  starch.    It  occurs  both  white  and  colom-ed. 

I  have  two  Idnds  of  white  factitious  ."^ago,  one  small  gi-amed,  the 
m-ains  of  which  are  scarcelv  so  large  as  white  mustard  seeds ;  the 
other  large  grained,  the  grains  of  which  are  intermediate  m  size  be- 
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tween  wMte  mustard  seeds  and  coriander  seeds.  The  first  I  met 
witli  in  English  commerce ;  for  the  other  I  am  indebted  to  Professor 
Guiboiu't. 

'  I  have  also  two  lands  of  coloured  factitious  sago,  both  large 
grained;  one  red/  the  other  brownish,'^  and  somewhat  resembling 
brownish  pearl  sago.' 

Pereii-a  also  states  that  he  received  from  Prof.  Guibourt  samples 
of  '  Sagou  des  Maldives  de  Planche,  doun6  par  lui,'  and  '  Sagou  de  la 
NouveUe  Guin^e,  donn^  par  lui/  and  that  he  foimd  them  to  be  facti- 
tious sag-cs  prepared  from  potato  starch.  The  grains  of  the  New  Guinea 
sago  were  bright  red  on  one  side  and  whitish  on  the  other. 

Remits  of  the  examination  of  samples. — Of  thirty  samples  of  gTanu- 


Kg.  117. 


starch  granules  of  Sago,  altered  by  heat,  as  In  making  granulated  sago. 
Magnified  225  diameters. 


lated  sago  submitted  to  examination,  ^ue  were  found  to  be  factitious, 
and  to  consist  oi  potato  flour. 

'  '  This  is  perhaps  the  kind  mentioned  by  Planche,  as  being  falsified  sago 
coloured  with  cochineal.' 

*  'This  is  perhaps  the  brown  sort  of  German  sago  made  from  potato  starch, 
and  said  by  Dierbach  to  be  coloured  with  burnt  sugar.' 
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TECE  DETECTION  OP  THE  ADTTLTEBATIONS  OF  SAGO. 

The  microscope  can  alone  detect  the  adulterations  of  sago  flour  and 
granulated  sago,  and  especially  can  distinguish  factitious  from  genuine 
SRo-o.  The  characters  of  sago  starch  have  already  been  described  and 
ficnired,  as  also  have  those  of  potato,  at  p.  371 ;  in  granulated  sago, 
TsOiether  tnie  or  false,  the  granules  are  of  course  much  altered  (fig.  117j  ; 
those  of  potato  are  swollen,  irregular  in  shape,  sometimes  ruptured, 
and  the  strise  elFaced,  &c.  (fig.  118). 


Fig.  118. 


Faclilioua  sago,  composeJ  of  potato  flou>'-   Magnified  225 
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CHAPTER  XVI .  ^ 

TAPIOCA  AND  ITS  ADULTERATIONS. 

DEFLATION  OF  ADULTERATION. 

Any  other  starch  or  farina  than  that  of  Tapioca,  or  any  added  vegetable  or 

mineral  substances. 

The  articles  known  as  Cassava  meal  and  bread,  Cassava,  Tapioca, 
or  Brazilian  arrowroot  and  Tapioca,  are  obtained  from  different  species 

Fig.  119. 


Starch  gi-annles  of  MA>jmoT  utilissbla.,  or  Tapioca.   Magnified  225  diameters. 

of  the  genus  Manihot,  one  of  the  Euphorhiacece.  One  of  these  is 
M.  utilissima,  the  bitter  Cassava,  a  native  of  the  Brazils,  where,  as  well 
as  in  other  parts  of  South  America,  it  is  cultivated. 
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The  starcH  is  associated  in  the  large  tuberous  root  with  a  poisonous 
milky  juice  containing  hydrocyanic  acid  and  a  bitter  acrid  principle. 

Another  species  is  Manihot  Aipi,  or  sweet  Cassava,  the  juice  of  the 
root  of  which  is  not  poisonous, 

A  third  species  is  M.  Janij>ha,  the  root  of  which  is  also  devoid  of 
poisonous  properties. 

Cassava  meal  is  prepared  as  well  from  the  bitter  or  poisonous  species 
as  the  sweet  and  innocuous :  the  root  is  grated,  and  the  pulpy  mass 
subjected  to  pressure  in  bags  under  water  to  get  rid  of  the  juice ;  the 
residue  is  spread  out  on  iron  plates  in  layers  of  one  or  two  inches  in 


Pig.  120. 


starch  granules  of  Tapioca,  altered  by  the  heat  employed  in  its  preparation. 
Magnified  225  diameters. 

thickness,  and  is  dried  into  cakes,  when,  after  being  pounded,  it  con- 
stitutes Cassava  meal,  and  of  this  the  bread  is  made. 

The  expressed  juice  deposits  after  a  time  the  farina  or  starch,  which 
in  this  state  is  called  tapioca  meal,  and  this,  after  being  dried  upon  hot 
plates,  constitutes  gi-amdai-  tapioca. 

Characters  of  the  starch  co;-;^«scZes.— Examined  under  the  micro- 
scope, the  granules  are  seen  to  be  of  small  size,  for  the  most  part  single, 
but  sometimes  and  in  the  plant  itself  always  united  into  compound 
orains,  each  composed  of  two,  three,  or  four  granules.    Hence,  like 
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those  of  sago,  they  are  usually  miiller-shaped,  although  when  seen 
endways  they  appear  circidar  ;  the  hilum  is  distinct.  No  dilFerences 
have  been  observed  in  the  characters  of  the  starch  of  bitter  and  sweet 
Cassava. 

Mauihot  arrowroot  is  usually  imported  into  this  country  from  Rio 
de  Janeiro. 

The  farina  or  starch  deposited  from  the  milky  fluid,  after  being 
carefully  washed  and  dried  without  the  employment  of  heat,  constitutes 
Manihot  ov  Srazilian  arroioroot.  In  the  manufactm-e  of  tapioca,  the 
meal  while  moist  is  heated  and  then  dried  on  hot  plates  ;  this  treat- 
ment, of  course,  causes  the  starch  gi-anulea  to  swell,  and  many  of  them 
to  burst ;  they  at  the  same  time  adhere  together  in  small  irregular 
masses. 


THE  ADTTJCTERATIONS  OE  TAPIOCA. 

Manihot  ai-rowroot  or  starch  is  occasionally  adulterated  by  admix- 
tiu-e  with  other  starches,  as  those  of  sago  and  potato. 

Results  of^  the  examination  of  samples. — Of  twenty-three  samples  of 
tapioca  examined,  two  were  ascertained  to  consist  of  sa(jo,  and  one  of 
potato  starch. 

Manihot  starch  is  more  fi-equently  used  as  an  adulterant,  especially 
of  Maranta  an-owroot,  than  it  is  itself  adulterated. 

THE  DETECTION  OP  THE  ADTOTEEATION-S  OP  TAPIOCA. 

The  only  means  of  detecting  the  adulterations  of  Manihot  arrow- 
root, and  of  tapioca,  is  furnished  by  the  microscope  ;  with  that  instru- 
ment then-  detection  is  rendered  easy  and  certain.  The  characters  of 
8«f/o  starch  are  described  and  figured  at  p.  376,  and  those  of  potato 
starch  at  p.  371. 
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CHAPTER  XVII. 
PROPRIETARY  ALIMENTARY  PREPARATIONS. 

The  articles  referred  to  under  tlie  above  liead  being  proprietary, 
and  there  beino-  bo  recognised  receipts  or  formula-ries  for  their  com- 
positiou,  they  do  not  properly  come  under  the  head  of  articles  of  con- 
simiption  liable  to  adulteration.    Nevertheless,  the  pubhc  doubt- 
less be  o'lad  to  be  made  acquainted  with  the  composition^  of  the  chiet 
of  these'articles,  especially  those  which  are  described  as  being  possessed 
of  almost  miraculous  powers  of  cm-ing  disease,  and  which  are  sold 
under  certain  high-soimding  names,  and  some  of  them  at  exorbitant 
i^rices     Until  the  microscope  was  appbed  by  oiu-selves  to  the  discn- 
mination  of  different  vegetaW  substances,  it  was  not  possible  to  have 
determined,  by  any  known  means,  the  composition  of  many  of  the  pre- 
narations  about  to  be  noticed.  .  i  -4.  •„ 

The  following  examinations  were  made  some  years  since,  and  it  is 
probable  that  some  of  the  preparations  named  are  no  more  to  be  met 

with ; —  „ , 

Ervalentn.    Sold  at  2s.  9fZ.  per  lb.  • 

A  sample  of  this  article,  examined,  consisted  of  a  mixture  of  the 

French  ov  German  lentil,  with  a  substance  resembling  mmze,OT  Indian 

been  stated  that  the  farina  of  a  grass  billed  '  Dari,'  '  DmTa,' 
has  been  discovered  in  either  Ervalenta  or  Eeyalenta. 
We  have  succeeded  in  procm-ing  a  sample  of  this  article,  and  find 
\i  tn  resemble  verv  closely  maize  in  structure.  , ,   ^  v  * 

<  Dari' i  occasionally'hnported  into  this  country  and  sold  at  about 
twenty-fom-  shillings  per  quarter,  that  is,  at  the  rate  of  rather  more 

''^"mill&K^^  some  time  previous  to  his  decease, 
the  foUowiug  information  respectmg  '  Durra.'  r.       (.„  t. 

'  Dari  I  suspect  means  Dwra,  also  spelt  Doura,  Dora,  &c  It  is 
a  corn  used  by  the  Arabs,  and  is  cultivated  m  the  south  of  Em-ope 
ItTs  the  ffoZci  Durra  sativus  of  Forskal,  the  Sorffhum  vulgare  of  some 

armeal  is  said  to  resemble  that  of  Indian  com  Now,  it  deserves 
notice  that  a  German  microscopist  recently  stated  tbat  he  found  the 
meal  of  Indian  corn  in  ervalmta,  or  revale1^ta,  I  forgetwhich.  Did  he 
mistake  it  for  the  Sorghum  P  ' 
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For  description  and  figure  of  Diin-a,  see  p.  328,  and  fig.  101. 

Revalenta.    Sold  at  the  same  rate  as  the  Ervalenta. 

Thi'ee  samples  of  this  article  were  examined:  one  consisted  of  a  mix- 
tm-e  of  the  red  or  Arabian  lentil  and  barley  Jlour  ;  the  second,  of  the 
same  ingredients  mixed  with  sugar ;  and  the  third  sample  consisted  of 
the  Arabian  lentil  and  barley  flom-,  Avith  the  addition  of  saline  matter 
chiefly  salt ;  it  also  possessed  a  peculiar  taste,  as  though  flavom'ed  with 
celery  seed. 

Butler  4-  M'CullocKs  Prepared  Lentil  Poioder,  Is.  Qd.  per  lb.  was 
found  to  consist  entu-ely  of  the  Fretich  or  German  lentil.  ' 

Arabian  Revalenta,  la.  per  lb.,  was  ascertained  to  consist  of  lentil 
powder,  probably  of  the  yellow  and  red  lentil  mixed. 

Patent  Flour  of  Le)itils,  Is.  per  lb.  Two  samples  of  this  article 
were  examined :  one  consisted  of  the  red  lentil  and  2oheat  Jlour,  and 
the  other  of  the  same  species  of  lentil  and  barley  Jlour. 
_  Lentils  belong  to  the  natiu-al  family  of  plants,  Leguminosce,  which 
mcludes  the  several  kinds  of  beans  and  peas  ;  they  resemble,  to  a  very 
gi-eat  extent,  m  colom-,  structure,  taste,  and  properties,  the  common 
pea ;  so  great,  indeed,  is  the  similarity  in  organisation,  that  it  is  diffi- 
cult to  discrmimate  between  them,  even  by  the  aid  of  the  microscope 

I^entils,  peas,  beans,  &c.,  all  contain  a  considerable  amount  of  nitro- 
gemsed  matter,  m  the  form  of  Legumin. 

The  composition  of  peas,  beans,  and  lentils  is  exhibited  in  the 
lollowing  tables : — 


Poggiale. 
Air- dried  and  shelled 
green  Peas. 

Poggiale. 
Air-di-ied  common  white 
field  Beans 

Water  

Starch,  dextrin,  and  sugar  . 
Legumin      •      .      .  . 
Fatty  matter 

Cf-Uulose      .       .       .  \ 
Mineral  matter  . 

12-7 
67-7 
21-7 

1-  9 
3-2 

2-  8 

19-3 
45-4 
22-8 

2-  7 
6-2 

3-  6 

100-0 

100-0 

Lentil. 

Water  . 
Starch  . 
Gum 
Sugar  . 
Legumin 

Fat      .  . 
Cellulose,  Pectin,  ic. 
Mineral  matter 


(Fresenius.) 


14-0 
35-5 
7-0 

1-  5 
25-0 

2-  5 
12-0 

2-6 


100-0 
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When  taken  as  an  article  of  diet,  lentils,  peas,  and  beans  are  found 
by  most  to  be  somewhat  difficult  of  digestion,  to  occasion  distension 
and  flatulency,  and  to  be  sliglitly  aperient.  _  These  foP^^ties  and  effec^ 
are  so  similar  in  the  case  oFeach,  that  it  is  almost  impossible  tx)  draw 
anv  decided  line  of  demarcation  between  them.  i    •  x 

\he  a1mixt^u-e  of  barley  and  other  flours  with  leBtil  powdj  is  not 
to  be  regarded  in  the  light  of  an  adulteration,  smce  the  cost  of  bailey 
flmir  PYceeds  that  of  the  lentil.  ,.   .  .  ,     ,,  , 

The  object  of  this  mixture  is  chiefly  to  dimimsh  the  strong 
flavour  of  the  lentils,  which  is  so  disagreeable  to  many. 

Fig.  121. 


Sample  of  ERVAtECTA,  as  it  appears  under  the  microscope. 

a  a ,  starch  corpuscles  of  the  ,Lein'^li^'i5^^^''c^RT^^ 
starch  granules  and  masses  of  the  suDstance  resemuuue  ^ 

Extremes  meet:  lentils,  being  somewhat  cheaper  than  peas,  are 
sunS  to  many  of  our  workhouses,  to  be  vised  m  the  Preparation  of 
suppiiea  xo       y  consiuned  by  paupers,  but  by  the 

S^te  chS  diS^^^^^^  thit  the  latter  frequency  pay  2..  9d. 

ITft  t'st^Tmost  of  the  prepared  lentil  powders,  sold  as  Erva- 
lentt  Aalent^^^^^^^        a  vV  serious  obstacle  to  their  use,  sup- 
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posiug  that  iu  any  respect  it  is  desirable  that  they  should  be  more 
^'enerally  coDSiimed,  we  have  framed  the  two  following'  receipts, 
whereby  a  cousiderable  saviug  of  expense  may  be  ejected  : — 


li!^  Receipt. 
Red  or  Arabian  lentil  flour 

Hurley  flour  

Salt  

Mix  into  a  uniform  powder. 

Fig.  122. 


2  lbs. 
1  lb. 

3  oz. 


Sample  of  Eevalenta  Ahabica. 
a  a,  starch  grannies  of  the  Akabian  lentil,  some  loose,  others  lying  in  the  cells 
or  the  cellulose  ;  6  6,  starch  granules  of  bahley  flour. 

The  red  lentil  may  be  obtained  of  ahnost  eveiy  corn-chandler,  at 
about  M  per  quart:  the  cost  of  a  pound  of  our  Ervalenta  would  be 
about  2d.  per  poiind ;  and  it  is  perfectly  clear,  from  the  analyses 

Tn.  Tt,  ^""^^  ''^''^'^  whatever  may  be  the  advantages 
po  .essed  by  the  much-vaunted  Ervalentas,  Revalentas,  &c.,  om- article 
must  contain  them  all. 


Pea  flour  . 
Indian  corn  flour 
Salt  . 


Ind  Receipi. 


Mix  as  before. 
C  C 


•2  lbs. 
lib. 
3  oz. 
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Being  satisfied  that  lentils  and  peas  do  not  differ  in  their  pro- 
perties to  any  great  extent,  we  have  devised  the  ahove  receipt  to  met-; 
those  cases  in  which  any  difficulty  may  l)e  met  with  in  procuring  tlit- 
red  lentil,  which,  however,  is  now  very  commonly  Itept  by  corn 
chandlers. 

The  characters  of  lentil  flour,  and  the  composition  of  Ervalenta. 
Eevalenta,  and  of  Leath's  Alimentary  Farina,  are  exhibited  in  th^ 
engravings  (figs.  122  and  123). 

From  the  several  preparations  of  lentil  flour  noticed,  we  will  pass 
on  to  describe  certain  other 

PARINACEOTJS  POODS, 

Gardiner's  Alimentary  B)-cparation  consisted  of  very  finely  ground 


rice. 


Pig.  123. 


Leath's  Aumentary  Faiuna,  or  Homceopathic  Pabikaceous  Pood. 
a  a,  starch  granules  of  Wheat  ;  h  b,  stnrch  corpuscles  of  Potato  ;  c  c,  ditto  of 
INDIAK  coiiN  MEAL ;  d  d,  ditto  of  Tapioca. 

LeMth's  Alimentary  Fanna,  or  HomaopatMc  Fminaceous  Food,  con- 
sisted principally  of  wheat  flour,  slightly  baked,  sweetened  with  sugar, 
together  with  potato  starch,  Indian  corn  meal,  and  tajnoca.  _ 

Semolma  consists  in  some  cases  of  the  gluten  of  wheat  mixed  with 
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a  proportion  of  wheat  flom- ;  iu  others,  of  certain  descriptions  of  wheat 
Hour  only,  ricli  iu  gluten. 

Btilloclis  Semola  consisted  of  the  c/luten  of  reheat  with  a  proportion 
of  wheat  starch. 

'Trince  Arthur's  Farinaceous  Food  was  composed  entirely  of  baked 
wheat  Jiour. 

The  Prime  of  Wales's  Food  was  composed  entirely  of  2>otato 
/lour. 

Hards'  Farinaceous  Flour,  of  wheat  Jlour,  baked. 
Mmdinans  Nutritious  Farina  consisted  entirely  of  potato  Jlour 
artificially  colom-ed  of  a  pinlc  or  rosy  tint,  the  coloiuiug  matter  heiuir 
probably  rose  pinh.  ,  ■ 

Bradm's  Farinaceous  Food  consisted  of  wheat  flour,  baked. 
Buster's  Socjie  was  composed  of  wheat  Jlour,  sweetened  with  suyar. 
Buster's  C'ompminded  Farina  possessed  a  similar  comjwsition. 
Jones's  Pate7it  Flour  consisted  of  wheat  Jlour,  tartaric  acid,  and 
carbonate  of  soda. 

Plwnbe's  Improved  Farinaceous  Food  was  composed  of  bean  or  ;3e« 
.  four,  with  a  little  Tacca  arrotoroot,  some  ^^otato  four,  and  a  very  little 
Mar  ant  a  an-owroot. 

_  Lastly,  Palmer's  Vitaroborant  consisted  of  a  mixtm-e,  sweetened 
witli  sugar,  of  the  red  or  Arabian  lentil  and  wheat  four. 

The  public  are  now  in  a  position  to  judge  of  the  degi-ee  of  relation 
which  exists  between  tlie  high-sounding  titles  bestowed  on  many  of 
the  preparations  noticed  in  this  report,  their  actual  composition,  "and 
the  propei-ties,  so  loudly  vaunted,  alleged  to  be  possessed  by  them  ■ 
1  they  will  also  be  able  to  judge  somewhat  of  the  extent  to  which  the 
'  pocket  is  made  to  sutler  through  these  healtJi-restoring,  life-pro- 
longing, easily  digestible  articles  and  compounds. 

THE  DETECTION  OP  THE  COMPOSITION  OP  PEOPEIETART 
ALPMENTART  PREPARATIONS. 

In  the  majority  of  cases  the  only  means  bv  which  the  composition 
these  articles  is  to  be  determined  is  aiibrded  by  the  microscope 
1  ay  this  instrument  tJie  starches  of  the  several  flours  and  an-owroots 
ot  which  they  are  composed  can  all  be  identified.    The  characters  of 
1!  nearly  all  these  have  ah-eady  been  described  and  fio-m-ed 
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CHAPTER  XVIII. 

iMILK  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADTJLTEllATIOJJ. 

In  Milk  — Anv  foreifjn  animal,  vegetable,  or  mineral  subftance,  or  added 
water  •  or  the  removal  of  any  portion  of  the  fatty  matter  or  cream. 

ll  'CrLm.-Casein  bevond  8  per  cent.,  water  oyer  55  per  cent.,  or  any  for«pn  . 
.nbiancelvhateyer ;  it  shoxild  not  yield  a  less  proportion  than  3o  per  cent,  of 
fatty  matter. 

Milk  is  an  opaque,  white,  yeUowisli  white,  or  Miiish  white  hland  and 
slightly  sweet  liquid,  having  in  general  an  alkaline  reaction  and  a 
somewhat  yariaWe  specific  grayitj'.  „ 

WheP  allowed  to  stand  at  rest  for  some  time  a  stratum  of  a  more 
or  less  yellow  coloui-  collects  on  the  siu-face  the  portion  below 
heconiini  of  a  Muish-white  colour  and  of  a  higher  specifac  grayity. 
ThStum  contains  the  greater  part  of  the  fat  of  the  milk,  together 
4iS  a  little  casein,  sugar,  and  water,  and  it  constitutes  the  cream  of 

°^^AftPv  a  time  yaryin<r  with  the  temperature,  millv  acquires  an  acid 
reaction  Lr  iirScomposition  of  abortion  of  the  nnlk  .^^ffor  or 
]ZoseXctic  acid  heing  farmed  ;  this  acid  ™  ^^IP^-P^f ^^^^^^ 
the  cJsein,  which  carries  down  with  it  nearly  the  whole  ot  the  lat 
stni  remSning  in  suspension.  By  hoiling  the  milk  the  ^o^^^'^j^f^ 
of  the  W  and  the  precipitation  of  the  casern  are  retarded :  hut 
milk  is  qSly  coagitlated  hy  rennet,  sometimes  without  the  produc- 
•tion  of  an  acid. 

COMPOSITION  01?  JIILK. 

Mim  consists  of  water  holding  in  solution  casein  alhumeii,  and 
accordh  g  to  MiUon,  a  third  alhuminous  substance  termed  l<'^*o.pr^ , 
?n  smaller  amoimt  than  the  albmnen,  lactose  ox  milk  sugar,  various. 
Sto  including  especially  phosphate  of  lime,  and  in  suspension  imimner- 
Mefatolobules,  which  add  to  its  whiteness  and  opacity 

Xam  ned  with  the  microscope,  myriads  of  these  fat  globules,  of  ai 
beaSy  ro,^ded  form,  and  reflecting  the  light  strongly  become, 
Sslble  as  well  as  sometimes  mucus  globules  and  epjthelmm  cells. 
"^^^  In  decomposed  or  diseased  milk  infusoria  oy  fungi  are  somehmes 
found,  eSecially  in  blue  milk,  the  colour  of  which  is  ascribed  by  Fuchs, 
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to  the  presence  of  a  vibrio,  which  ]ie  has  denominated  Vihrio  cynno- 
t/enens,  but  Bailleiil  ascribes  it  to  a  byssus. 

Skim-millv,  butter-milk,  cream,  butter,  curds-and-whey,  cream- 
cheese,  and  ordinary  cheese,  are  mere  modifications  of  milli,  diti'eriug 
only  li'om  each  other  either  in  the  abstraction  of  one  or  more  of  its 
constituents,  or  else  iu  tlie  variations  oi'  their  proportions. 

iSkiin-viilk. — The  lirst  of  these  (slrim-milk)  diU'ers  from  ordinary 
milk  in  containing  a  less  quantity  of  fatty  matter,  a  portion  of  this 
having  been  removed  as  cream ;  it  still,  however,  contains  nearly  all 
the  cheese,  the  sugar  of  milk,  some  butter,  and  the  salts  of  milk ;  it  is 
therefore  scarcely  less  nuti-itious  than  new  milk,  but,  in  consequence  of 
the  diminished  amount  of  fatty  matter,  is  less  adapted  to  the  develop- 
ment of  fat,  and  to  the  maintenance  of  respiration  and  the  temperature 
of  the  body.  In  some  cases  where  fatty  matter  is  foimd  to  disagree, 
and  where,  in  consequence,  millc  in  its  usual  state  cannot  be  taken 
without  inconvenience,  slrim-milk  may  be  substituted  vsdth  adA'antage. 

Butter-rnilJu. — This  is  the  liquid  which  remains  after  the  operation 
of  chmning,  and  it  approaches  sldm-milk  in  its  composition,  but  con- 
tains even  a  smaller  quantity  of  fat ;  as  an  article  of  diet  for  poor 
persons,  it  has  the  recommendation  of  cheapness. 

Potatoes  and  butter-milk,  as  is  well  known,  taken  together,  form  a 
\ery  considerable  portion  of  the  diet  of  the  peasantry  of  Ireland  :  the 
butter-milk  constitutes  an  essential  part  of  such  a  diet,  it  supplying 
the  nitrogenised  matter  necessary  for  the  growth  of  the  body,  and  of 
which  the  potatoes  themselves  are  comparatively  deficient. 

C'remn. — In  contradistinction  to  these,  cream  consists  almost  en- 
tirely of  the  fat,  with  a  variable  quantity  of  the  water,  sugar,  and 
casein  of  milk. 

.Bii«e/-  differs  but  little  from  cream,  but  the  fatty  matter  is  altered 
in  its  condition.  The  fat  globules,  in  place  of  being  free,  are  united 
together  so  as  to  form  a  semi-solid  substance.  It  contains  much  less 
water  than  cream,  but  retains  some  casein,  with  a  very  small  quantitv 
of  lactose. 

Curds-and-whey.— G\xxdiS,-&n(i-whe;y  are  made  up  of  all  the  elements 
of  milli,  but  the  form  in  which  they  exist  is  altered ;  the  casein  is 
thrown  down  by  rennet,  or  by  the  addition  of  an  acid,  as  acetic  acid, 
and,  in  its  descent,  it  carries  with  it  the  greater  part  of  the  butter, 
the  two  together  forming  the  curd  ;  while  the  whev,  or  serum,  consists 
ahuost  entirely  of  water,  the  sugar,  and  the  salts. 

CVeff«2-c/jeese.— Cream-cheese  consists  of  the  moist  curd  (that  is,  of 
the  cheese  and  butter),  the  greater  part  of  the  serum,  or  whey,  being 
removed  by  slight  pressure. 

Ordmary  cAee«e.— Ordinary  cheese  contains  little  or  much  butter, 
accottlmg  as  it  is  made  from  skim  or  from  whole  milk  ;  the  casein  is 
precipitated  by  rennet  in  the  usual  manner,  and  subjected  to  gi'eat 
pressure  in  moulds.  AnvaUo  is  frequently  added  to  heighten  its  colour, 
and  the  cheese  is  kept  until  it  becomes  more  or  less  ripe. 
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The  relative  proportions  of  the  different  constituents  of  cow  s  milk, 
especially  the  fatty  matter,  are  subject  to  very  great  variation  :  tV 
ao-e  of  the  cow,  the  time  after  calvin-,  food  temperature,  weathe  . 
and  the  time  and  frequency  of  milkin-,  all  occasion  considerahh 

'^'^The'constituents  of  cow's  milk  in  the  normal  state,  according  to 
MM.  0.  Ileurie  and  Chevalier,  are  as  follow  :— 


Cnsein  ^ 
Butter  . 
Suff.ar  of  milk 
Salts,  various 
Water  . 


Total  solids  . 


4-48 

3-  13 

4-  77 
0-fiO 

87-02 

100-00 
12.98 


The  following  is  the  mean  of  ten  analyses  of  pure  milk  by  Trofeseor 
Poggiale : — 


Water  . 
Butter  . 
Sugar  of  milk 
Casein  . 
Salts 


Total  solids 


862-8 
43-8 
52-7 
38-0 
2-7 

1000-0 
13-72 


Taking  aU  the  reliable  analyses  of  cows'  and  human  milk  we  have 
met  with,"we  iind  their  average  composition  to  be  as  stated  below:- 


Water 
Sugar 
Casein 
Fat  . 

Mineral  matter. 
Total  solids 


Cow. 
86-83 
•1-53 
4-14 
3-93 
0-67 

13-17 


Human. 
88-35 
4-37 
3-1.5 
3-87 
0-26 

11-65 


Casein  which  is  the  chief  uitrogenised  constituent  of  milk,  _k  said 
to  exTst  in  two  forms,  as  soluble  and  insoluble  casein,  but  it  is  very 

t^nLwe  whether  there  is  anv  essential  difference  between  the  two 
^X:T^t  SX  \o  be  highly  probable  that  the  former  owes  it. 
lr.inli  litv  to  the  presence  of  the  alkaline  phosphates. 

ll^a tliSion  is  not  precipitated  by  heat  but  -  coag^^f  ^^^^^ 
plcohol  which  at  the  same  time  dissolves  a  portion  of  it,  and  a  still 
w^ei  nimntity  if  the  alcohol  be  boiled.  The  precipi  ate  produced  by 
SutTalcohol  is  completely  insoluble  in  water.  Casem  is  precipitated 
w  S  adds  except  the  carbonic,  it  being  redissolyed  ip  an  excess  of 
llf  SneraUckls  precipitate  casein  from  its  acetic  acid  solution. 
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The  spontaneous  coagvilation  of  miUc  is  due,  as  akeady  noticed,  to 
tlie  decomposition  of  tlie  milk  sugar  and  the  formation  of  lactic  acid. 
The  acid  neuti-alises  the  alkali  by  Avhich  the  casein  was  dissolved,  thus 
reducing-  it  to  the  insoluble  condition. 

Casein  contains  the  same  amount  of  nitrogen,  namely,  15'8  per  cent., 
as  do  the  other  albuminoids.  It  contains  about  1  per  cent,  of  sulphur, 
and  is  said  to  be  intimately  combined  -with  phosphate  of  lime. 

Coagulated  casein  is  readily  soluble  in  the  caugtic  alkalies  ;  when 
boiled  with  a  solution  of  potash,  sulphide  of  potassium  is  formed. 
Fused  with  potash,  ammonia  is  fii'st  evolved  and  then  hydrogen,  with 
the  formation  of  tja'osin,  leucin,  valerate,  butyrate  and  oxalate  of 
potash,  also  with  a  salt  the  acid  of  whicb  is  volatile  and  possesses  an 
excremeutitious  odour. 

Casein  neutralises  the  aUiali  of  weak  solutions.  It  dissolves  in  a 
solution  of  phosphate  of  soda,  also  neutralising  it.  It  is  likewise 
soluble  in  solutions  of  the  alkaline  carbonates,  chloride  of  sodium 
and  chloride  of  ammonium.  These  solutions  are  not  coagidated  by 
heat,  but_  become  gradually  covered  witb  a  iilm  which  is  insoluble  in 
dilute  acids  and  alkalies,  the  tiku  wbich  forms  on  milk  when  it  is 
boiled,  having,  it  is  said,  the  same  origin  and  properties. 

Solutions  of  casein  are  precipitated  by  earthy  and  metallic  salts. 
Insoluble  compounds  are  obtained  by  boiling  casein  with  the  carbonates 
of  Ikne  and  barium. 

It  was  formerly  believed  that  the  coagidation  of  miUi  by  rennet 
was  due  to_  the  animal  matter  contained  in  it  acting  as  a  ferment,  and 
thus  bringing  about  the  conversion  of  the  milk  sugar  into  lactic  acid, 
milk  thus  coagulated  always  exhibiting  an  acid  reaction.  It  has  since 
been  shown,  however,  that  milk  may  be  coagulated  by  rennet,  when  its 
solution  is  rendered  allialine,  the  milk  still  remaining  alkaline  after  the 
coagulation. 

Moist  casein  soon  undergoes  putrefaction,  yielding  sidphide  and 
carbonate  of  ammonia,  which  dissolve  a  portion  of  the  undecomposed 
casein.  It  also  fiu-nishes  butyric  and  valeric  acids,  an  oily  body  having 
a  highly  disagreeable  odour,  and,  according  to  Bopp,  a  crystalline  body 
possessing  a  powerful  smell. 

When  casein  undergoes  putrefaction  without  access  of  air,  it  yields 
acetic,  butyric,  valeric  and  capric  acids,  as  also  ammonia. 

According  to  the  analyses  of  Olemm,  Haidlen,  Vernois,  and  Bec- 
querel,  the  casein  of  human  milk  varies  from  2-7  to  3-924,  while, 
according  to  Boussingault,  Playfaii-,  Vernois,  and  Becquerel,  that  of  the 
cow  varies  from  3-0  to  5-52  per  cent. 

When  milk  is  introduced  into  the  stomach  the  casein  is  coao-ulated 
by  the  acids  of  the  gastric  juice  before  it  is  digested. 

Milk  contains,  besides  casein,  a  second  nitrogenous  substance, 
namely,  albumen,  and,  according  to  Millon,  even  a  third,  lacto-protein. 
If  the  milk,  after  the  removal  of  the  casein  by  as  small  a  quantity  of 
acetic  acid  as  will  answer  the  purpose,  be  boiled,  the  albumen  will  be 
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thrown  down  and  may  he  separated  hy  filtration.  Ileinsiiu;  found 
per  cent,  of  albumen  in  cow's  millc,  after  the  precipitation  of  the  casein 
by  acetic  acid  and  boilmg.  It  was  formerly  believed  that  the  scum 
which  forms  when  milk  is  boiled  was  composed  of  albumen,  but  from 
observations  since  made,  this  scum  would  appear  to  consist,  as  already 
noticed,  of  casein  in  a  modified  form. 

Milk  sugar,  lactin,  or  lactose,  C,,  HsjO,,,  belongs  to  the  group  o I 
fermentable'  sugars.  It  crystallises  in  hemihedral,  tnmetric  ciystals  ;  it 
is  less  sweet  and  not  as  readily  fermentable  as  cane  sugar.  It  dissolves  in 
from  5  to  6  parts  of  cold  water  and  in  2^  parts  at  the  boiling  tempera- 
tm-e.  A  solution,  saturated  at  10°  C,  has  a  specific  gravity  of  1  -Oop  and 
contains  14-55  per  cent,  of  crystallised  milk  sugar,  which  contains  in 
this  state  1  molecule  of  water,  which  it  retains  up  to  130°  0. 

The  aqueous  solution  is  dextrorotatory,  tm-ning  the  pkne  of  polari- 
sation, according  to  Berthelot  at  59-3  and  to  Biot  fl,t  60-28  degrees. 

Lactose  is  insoluble  in  alcohol  and  ether,  but  soluble  in  aqueous 
solutions  of  acetic  acid.  . 

It  forms  compounds  with  potash,  soda  and  ammonia,  the  alkaline 
earths,  and  with  oxide  of  lead.     .  ,     ,^.no,  •  •  j 

When  heated  to  160°  0.  it  tm-ns  brown,  and  at  1  /  5°0.it  is  converted 
into  Zrtcto-crtj-rtmeZ  with  loss  of  water.  ^  • 

By  prolonged  boiling  with  water,  or  quicker  with  dilute  sulphmic 
acid.  It  is  converted  into  galactose,  OgHioOg,  which  stands  in  the  same 
relation  to  lactose  as  does  inverted  sugar  to  saccharose  or  cane  sugar. 

The  strong  mineral  acids  and  alkalies  decompose  it,  especially  when 
their  action  is  aided  by  heat.  ,  ma. 

It  is  easily  decomposed  by  oxidising  agents,  it  reduces  silver  troni 
its  solutions,  and  throws  down  from  an  alkaline  copper  solution  the 
suboxide  of  copper.  • 

DistiUed  with  sulphiu-ic  acid  or  peroxide  of  manganese  it  yields 
formic  acid,  and  with  niti-ic  acid,  mucic,  saccharic,  tartaric,  racemic 

and  oxalic  acids.  „  .       ,  i 

Milk  suo-ar  is  less  susceptible  of  fermentation  than  glucose  or 
saccharose,  it  not  passing  into  the  alcohoUc  fermentation  until  some 
time  after  it  has  been  brought  into  contact  with  yeast,  men  cheese 
or  o-luten  is  employed  as  a  ferment,  the  sugar  is  m  part  converted  into 
lactic  acid,  alcohol  being  at  the  same  time  formed. 

The  sugar,  of  all  the  constituents  of  milk,  is  least  liable  to  vary  in 

"^"^pfirfl^/oji  of  milk  sugar.-The  cm-d  and  fat  are  precipitated 
from  miUi  by  means  of  dilute  sulphm-ic  acid  or  by  rennet.  Ihe 
serum  or  whey  is  filtered  and  evaporated  until  crystals  are  produced. 
For  their  purification  the  crystals  are  redissolved  in  water,  the  solu- 
tion filtered  through  animal  charcoal  and  evaporated  till  crystals  are 
alain  obtained,  when,  in  order  to  procvu-e  them  in  the  highest  state 
S- purity,  they  should  be  precipitated  from  thek  aqueous  solution  by 
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means  of  alcohol.  Milk  sugar  is  prepared,  particularly  in  Switzerland, 
on  a  large  scale,  from  the  whey  left  in  the  manufacture  of  cheese. 

The  fat  of  milk  consists  of  solid  and  liquid  fats,  the  former  beino- 
pahmtin  and  stearin,  and  the  latter  olein,  butyrin,  and  other  glycerides 
of  volatile  acids.  _  They  are  the  glyceryl  ethers  of  the  corresponding 
latty  acids,  and  yield,  when  saponified  with  caustic  potash,  glycerine 
and  salts  of  the  following  acids :  stearic,  imlmitic,  oleic,  capric,  cujyrylic, 
caprmc,  and  butyric  acid,  and,  according  to  Chevreul,  myristic  acid. 

Butter  fat  becomes  rancid  on  exposure  to  the  air.  It  dissolves  in 
28-9  parts  of  boiling  alcohol  of  specific  giwdty  0-822. 

According  to  my  experiments,  to  be  more  fully  noticed  in  the  next 
article,  on  the  adulteration  of  butter,  butter  fat  has  a  mean  fusinij-  point 
of  33-7  0.  °  ^ 

o  average  percentage  amoimt  of  fat  in  the  niiUi  of  the  cow  is 

^•Jb,  according  to  the  experuuents  of  Simon,  Chevalier,  and  Henrie, 
Jioussingault,  Poggiale,  and  Becquerel,  whereas,  according  to  Simon, 
Uemm,  Ghevaher  and  Ilenrie,  Vernois  and  Becquerel,  the  average  of 
tiie  tat  in  human  milk  is  considerably  less,  namely,  3-38. 

Mineral  wi««e/-.— According  to  Vernois  and  Becquerel,  the  ash  of 
cows  milk  vanes  from  0-55  to  0-85  per  cent.,  the  quantity  of  soluble 
salts  being  generally  about  the  same  as  the  insoluble.  Accordino-  tp 
Sion  ^i-  '^"'^'^  "^^^  following  percentage  comp^ 
Potash  23-46 


iSoda  . 
Lime  . 
Magnesia 
Phosphoric  acid  . 
Chluride  of  sodium 
Chloride  of  potassium 


G-96 
17-o7 

'2-20 
28-40 

4-74 
14-18 


97-31 


Carbonate  of  lime 
Phosphate  of  lime  . 
Chloride  of  sodium . 
Sulphate  of  sodium 
Other  salts  . 


6-  9 
70-6 

9-8 

7-  4 
5-3 


1000 


tthe  ash  bnt?hf  f  f  w^*  P^^^^Pl^f  e  of  lime  is  the  chief  constituent  of 
hamih  "^^l  f chloride  of  potassium  and 

t  ^  P^^*  .somey..W«i  ofmaynesia 
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It  will  thus  be  seen  from  the  analyses  given  that  milk  contains  all 
the  elements  necessary  to  the  growth  and  sustenance  of  the  liuman 
body.  This  view  is  not  only  established  by  the  composition  of  milk, 
but  by  the  lact  that  persons  are  frequently  sustained  upon  a  diet  of 
millv  for  an  indefinite  period.  Milk  is,  in  fact,  the  best  type  known  of  a 
perfect  food. 

TotMl  solids  of  milk. — The  analyses  of  Messrs.  Ilenrie  and  Chevalier 
give  the  solids  as  12-98  per  cent.,  and  without  fat  9-85.  The  ten 
analyses  of  Poggiale  furnish  a  mean  of  13-72,  and  of  solids,  not  fat, 
9*34  per  cent.  'Wanldyn  gives  the  total  solids  of  milk,  of  average 
quality,  in  100  cc.  at  12-81  gi-ammes,  and  of  exceptionally  rich  milk  of 
stall-fed  cows  at  14-47,  and  the  total  solids,  not  fat,  ^-Go  and  10-35 
respectively,  and  he  takes  the  amoimt  of  solids,  not  fat,  in  normal  country 
milk,  namely  9-3,  as  a  stcmdnrcl  whereby  the  quality  of  other  milk  is 
to  be  judged. 

Collecting  together  a  large  number  of  reliable  analyses  of  miUi,  we 
find  that  they  furnish  an  average  of  13-32  of  total  solids,  and  9-44  of 
solids  without  the  fat,  but  this  latter  average  is  doubtless  much  too 
low  for  milk  of  good  quality.  These  data  will  be  found  to  be  of  use 
hereafter  in  the  determination  of  the  question  of  the  adulteration  of 
Uplk.  According  to  Wanldyn,  the  total  solids  of  milk  have  not  been 
known  to  fall  below  11-8  grammes  in  100  cc. 

From  the  observation  of  Messrs.  Midler  and  Eisenstuck,  it  appears 
that  the  milk  yielded  by  a  herd  of  cows  remained  constant  in  composi- 
tion throughout  the  year.  A  daily  analysis  was  made  of  the  milk  of 
fifteen  well-fed  cows,  and  it  was  found  that  the  solids  only  foiu-  times 
dui-ing  the  year  fell  below  12  percentages,  the  highest  percentage  being 
14-08,  and  the  average  12-8  percentages. 

■  The  milk  of  cows  varies  much  according  to  the  locality ;  that  of  cows 
in  the  ueighboiu'hood  of  Paris  contains  fi-om  3-6  to  3-7  per  cent,  of  fat ; 
of  Tyrolean,  Swiss  and  Dutch  cows  between  7-0  and  9-8  percent.  The 
composition  of  cow's  milk  in  the  first,  third,  foiu-th,  filth,  and^  sixth 
mouth  is  prettv  much  the  same,  varying  between  12-27  and  14-20  per 
cent,  of  solid  "matter.  In  the  first  month  it  contains  13-29  per  cent, 
residue,  4-80  per  cent,  casein,  4-25  per  cent,  butter,  and  3-57  per  cent, 
lactin,  and  0-66  per  cent,  salts.  In  the  second  month,  17-32  per 
cent,  solid  residue,  5-81  per  cent,  casein,  7-06  per  cent,  butter,  3-87 
per  cent,  lactin,  and  0-57  per  cent,  salts.  In  the  eighth  month  24-73 
per  cent,  residue,  11-50  per  cent,  casein,  4-41  per  cent,  butter,  7-67  per 
cent,  lactin,  and  1-16  per  cent,  salts.'— Vernois  and  Becquerel,  m 
'Watts's  Dictionary.'  . 

The  milk  of  a  consumptive  cow  was  found  to  contam  24-9/  per 
cent,  of  solid  residue,  10-13  per  cent,  casein  and  insoluble  salts,  10-/3 
per  cent,  butter,  4-09  per  cent,  lactin  and  soluble  salts.  Wanldyn,  in 
a  sample  of  strippings,  which  is  the  last  milk  extracted  from  the  udder 
of  the  cow  at  the  end  of  the  milMng,  found  the  specific  gravity  to  be 
1026,  with  a  percentage  of  solids  of  18-74. 

The  quantity  of  solids  found  in  milli  varies  \ery  much  with  its 
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source.  Tlius  human  miUc  contains  from  11  to  13  per  cent,  of  solids  ; 
inares  milk  about  l(r2  percent.;  asss  milk  between  9'16  and  O-SJl ; 
//ortif's  mil]{,  of  which  hircin  or  hircic  acid  is  said  to  be  a  constituent, 
between  13-2  and  I4'5;  that  of  the  ewe  about  14-38  per  cent.;  of  the 
soio  between  11-83  and  14-51 ;  of  the  bitch  from  22-48  to  27-46. 

THE  COMPOSITION  OF  CKEAM. 

A\hen  milk  is  allowed  to  remain  at  rest  for  some  hom-s,  a  consider- 
able proportion  of  the  fatty  matter  rises  to  the  sm-face^  forming  a  layer 
of  greater  or  less  thickness,  according  to  the  richness  of  the  milk,  and 
which  constitutes  cream. 

But  this  layer  has  no  certain  composition ;  the  amount  of  fatty 
matter  contained  in  it  being  subject  to  very  considerable  variations. 
In  fact,  cream  consists  of  ordinary  milk  with  its  water,  casein,  and 
?ugar,  together  with  a  large  proportion  of  the  fatty  matter  of  miUi. 
The  following  analyses  will  serve  to  render  apparent  its  variable  com- 
position : — 


Analyses  of  Cream.  HassoU. 

Water 

62-12 

61-50 

63-24 

49-10 

43-04 

45-82 

Fat  . 

30-64 

32-22 

31-42 

42-82 

44-76 

44-33 

Casein 

5-83 

5-14 

2-70 

6-20 

7-40 

6-38 

Su^ar  of  milk  .• 

1-27 

0-74 

2-36 

2-4G 

4-45 

2-92 

Ash . 

0-14 

0-40 

0-28 

0-42 

0-35  " 

0-50 

The  first  three  creams  were  purchased  of  milkmen,  while  the  other 
three  were  obtained  direct  from  the  dairy,  and  of  their  genuineness 
and  qualitj'  no  doubt  could  be  entertained. 

The  difference  in  the  amount  of  fat  in  the  two  cases  is,  as  wiU  be 
seen,  jeiy  considerable,  and  it  appears  to  us,  that  since,  as  in  the  case 
of  m_nk,  a  standard  ibr  comparison  is  necessary,  it  would  not  be 
pressing  too  hard  upon  the  vendors  to  insist  that  cream  should  not  con- 
tain less  than  35  per  cent,  of  fatty  matter. 

Two  samples  of  creamometer"  cream  after  24  hours'  standino-  fur- 
nished the  following  amounts  of  fat,  namely  25-0  and  28-6  per  cent. 

The  above  results  are  important  as  proving  that  the  degi-ees  shown 
by  the  creamometer  do  not  indicate  fixed  but  very  variable  quantities  of 
fatty  matter.  Thus  in  some  cases  a  milk  which  shows  only  5  deo-rees 
of  cream  may  really  be  as  rich  as  another  which  finishes  7  or  8 
degrees.  This  is  certainly  a  strong  fact  in  favour  of  making  in  all  cases 
an  absolute  estimation  of  the  fat  of  milk. 

PRESERVED  AND  CONDENSED  MIT.K. 


There  are  several  methods  by  which  milk  may  be  preserved  for 
some  tmae.    Thus  if  a  bottle  be  filled  with  it,  the  milk  boiled,  and 
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tlie  tottle  tlien  corked  and  sealed,  it  will  keep  for  some  days ;  but  if  it 
be  heated  under  pressure  to  121°  C.  the.  milk  will  be  preserved,  it  is 
said,  for  years,  although  tlie  butter  may  separate. 

Sulphurous  acid  or  sulphite  of  soda,  carbonate  of  soda  or  sut/ar, 
all  aid  in  tlie  preservation  of  milk.  MiUv  to  which  sufrar  and  a  little 
carbonate  of  soda  has  been  added  will  keep  for  several  days. 

Condensed  milk  consists  simply  of  milk  deprived  of  a  very  consider- 
able portion  of  its  water,  and  to  which  cane  sugar  is  added  as  a  pre- 
servative material.  The  following  analyses  give  the  composition  oi 
some  of  the  principal  kinds  of  preserved  milk  in  use  in  this  country. 
Of  the  wholesomeuess  and  utility  of  these  preparations  no  doubt  can 
be  entertained.  In  some  cases  the  water  is  ahnost  entirely  removed  : 
the  residue,  when  mixed  with  white  sugar,  may  then  be  reduced  to 
the  state  of  powder,  which  then  constitutes  what  is  known  as  milk 
j)Oicder 


Analyses 

of  Condensed  Milk. 
Hassall. 

Milk  Powder. 
HassaU. 

WatPr    .       .       .  • 
C.ispin  .... 
Milk  sugar  . 
Cane  sugar 

Fat  .... 

]\Iineral  matter 
Phosphoric  acid 

24-30 
18-52 
lG-60 
27-11 
10-80 
2-12 
0-G49 

27-00 
17-20 
12-00 
29-59 
11-.30 
2-24 
0-67 

2fi-50 

lG-30 

I7-,54 

27-06 
9-50 
2-39  "1 
0-708  J 

24-94 
15-36 
15-36 
32-14 
9-50 

2-43 

3-10 
20-74 
17-20 
39-17 
10-94 

2-C4 

100-00 

100-00 

100-00 

99-73 

99-79 

AVe  find  that  in  this  counti-y  the  average  yield  «f  one  gaUon  ot 
milk  is  about  3-2  lbs.  of  sugared  millf :  that  is,  it  takes  considerablv 
less  than  three  Bints  of  mitt  to  make  1  lb.  of  the  sweetened  condensed 
article.  We  find  further  that  the  quantity  of  sugar  added  is  usuaUv 
about  19  ozs.  to  the  gallon  of  milk,  or  about  6  ozs.  to  1  lb.  of  the  sugared 
milk. 

KOUMISS. 

The  sucrar  of  milk,  like  other  fermentable  sugars,  yields  imder  the 
action  of  a  ferment,  as  yeast,  alcohol,  and  carbonic  acid.  The  same 
change  takes  place  when  the  ferment  is  added  to  the  milk  itself,  as  has 
beeulon-  known  and  practised,  the  resultiuo:  liquid  ha^an^  received 
the  name  of  koumiss.  This  beverage  has  been  prepared  from  time 
humcmorial  bv  the  Tartars  by  the  fermentation  of  niares  milk,  and  a 
somewhat  similar  preparation  is  made  in  Orlcney  and  bhetland. 

Sometimes  the  ferment  is  added  to  the  entire  milk,  but  usuaUy  a 
portion  of  the  cream  is  abstracted  and  skim  milk  usea.  I"  other  cases 
not  only  is  the  cream  abstracted,  but  an  additional  quautitj-  ot  milk 
sugar  is  added.    The  iatty  matter  is  removed  because  it  nses  m  tlie 
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bottle,  presenting  a  somewhat  unsightly  appearance,  and  because  the 
beverage  coutainiug  it  is  too  rich  for  some  persons ;  but  the  casein 
also  is  precipitated,  together  with  the  butter  still  remaining  in  the 
milk,  and  being  thus  rendered  lighter  than  the  serum,  it  likewise  floats 
on  the  siu-face. 

At  the  same  time  that  a  portion  of  the  milk  sugar  is  converted  into 
alcohol  and  carbonic  acid,  another  portion  is  split  up  into  lactic  acid, 
one  molecule  of  the  sugar  fm-nishing,  with  the  addition  of  one  molecule 
of  water,  fom-  molecules  of  the  acid  ;  thus  O^^HjaOu  +  H„0  =  403HgO. . 
The  following  are  some  analyses  of  ko'imilss  recently  made%y 


us : — 


Analyses  of  Koumiss,  manufactured  hy  Messrs.  Cliapman  §•  Co. 


A  No.  1, 
4  days 
old, 
acidulous. 

A  No.  2, 

30  days 

old, 
highly 
spaa-kling. 

A  No.  3, 
30  days 

old, 
highly 

sparkling. 

B  No.  1, 
4  days 
old, 
acidialotis. 

D  No.  1, 

5  days 
old, 
vei-y  sweet 
eilerves- 
cing. 

D  No.  2, 

17  days 

old, 
highly 
sparkling. 

Lactic  acid  . 
Carbonic  acid 
Alcohol  . 
Fatty  matter  . 
Sugar  of  milk 
Casein  • 
Mineral  matter 
Total  solids  . 
Glycerine 

0-416 
0-361 
0-378 
0-611 
6-328 
3-54.5 
0-370 
11-270 

0-684 
0-819 
0-857 
0-524 
5-051 
3-392 
0-342 
9-993 

1-152 
1-228 
1-284 
0-508 
3018 
3-429 
0-392 
8-499 

0-542 
0-389 
0-402 

0-  492 
8-948 

1-  264 
0-654 

11-900 

0-373 
0-468 
0-490 
0-190 
2-338 
4-406 
0-680 
17-714 
9-722 

0-614 
0-754 
0-789 

0-  163 

1-  447 
4-370 
0-672 

16-846 
9-580 

This  article  has  been  much  recommended  of  late  years  in  the 
treatnient  of  consumption,  the  presence  of  the  lactic  acid  beino-  con- 
sidered to  aid  greatly  the  digestion  of  the  casein.  " 

THE  ANALYSIS  OI-  MILK. 

For  most  practical  purposes,  in  order  to  ascertain  whether  a  milk  is 
genuine  and  of  good  quality,  it  is  sufficient  to  take  the  specific  o^^Z 
of  the  milk  by  the  hydrometer  or  galactometer,  and  to  estimate^hp 
quantity  of  cream  by  the  lactometei^  or  as  som^  caU  t,  th^Teamo- 
meter  It  is,  of  coiirse,  not  sufficient  to  take  either  the  one  or  the  other 
only  but  the  results  of  both  proceedings  must  be  compared  Thus 

specific  gravity  and  a  sample  with  a  deficiency  of  cream  will  have  a 
higher  graAaty  than  normal  milk,  the  gravity  of  which  mav  hJL^ 
to  range  from  1027-5  to  1034-5.  'But  zSlks  aUcclSalHet  wkh 
which  are  eitherlighter  or  heavier,  and  which,  therefore  exceed  the 

lS3lViri0O8.?:j";';t^  ^V""^  ""^  ranges^listau;  ^ 
IUo4fa  to  10o8'6,  and  of  the  serum  of  millc  from  1029-9  to  1031-9. 
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Anotlier  method  of  judp:in<>>  of  the  quality  of  milk  is  hy  estimatinpr 
the  total  f?olids  furnished  by  its  evaporation,  and  the  sohds  leit  alter 
the  removal  of  the  fat  l)y  means  of  ether  in  the  manner  hereaiter 
described.  Milk  of  good  quality  should  fiu-nisli,  accordmg  to  Henrie 
and  Chevalier,  12  'JH  per  cent,  of  total  solids,  and  0-85  per  cent,  of  solids 

after  the  removal  of  the  fat.  ,    .         ,    •     <•  4.1 

liut  aupposin'v  we  desire  to  institute  a  quantitative  analysis  ot  tlie 
several  constitutents  of  millt,  the  followiuar  plan  may  be  adopted. 
Liquids  taken  for  analysis  are  usually  measured  and  not  weijrhed,  hut 
it  must  be  understood  that  100  cc.  of  milk  do  not  correspond  to  100 
PTammes  of  milk,  but  to  a  larger  quantity  according  to  the  specihc 
p-avity  of  the  milk.  Thus  100  cc.  of  milk  having  a  specific  gravity 
of  1020  would  really  weigh  102-9  grammes. 

10  cc.  of  the  well  shaken  and  mixed  millv  are  evaporated  m  a 
weio-hed  platinum  dish  upon  the  water-bath  to  dryness ;  the  residue  is 
then  weighed  and  re-weighed  after  an  interval  of  fiu-ther  diymg,  in 
order  to  render  it  sure  that  all  water  has  been  removed.  The  weight 
when  constant  is  noted,  and  indicates  the  percentage  of  total  sohds 
when  multiplied  by  ten.  a      •^  a 

The  dried  residue  is  then  treated,  as  will  be  presently  descnbed, 
with  ether  for  the  removal  oi  the  fat,  which  may  be  estimated  Irom 
the  ethereal  solution;  or  still  more  simply,  bv  re-dn-ino;  the  residue 
remainimj',  weighing  it,  and  estimating  the  loss,  which  of  com-se 
represents  the  butter.  In  the  solids,  minus  the  fat,  we  may  next  esti- 
mate the  sugar  and  the  casein,  but  for  the  ash  a  fresh  portion  ol  the 
original  milk,  say  5  cc,  should  be  evaporated  and  incinerated. 

We  will  nov^  give  more  in  detail  the  several  processes  to  be  lol- 
]  owed  for  the  estimation  of  the  chief  constituents  of  milk. 

Estimation  of  total  soZ/rfs.— A  measured  quantity  of  mi  k,  say  10  cc, 
is  evaporated  to  dryness  on  the  water-bath  in  a  weighed  platimmr 
basin.  The  residue  is  repeatedly  weighed  until  the  weight  become, 
constant.  We  do  not  hnd  any  difhcultj^  m  effecting  the  complete 
desiccation  of  the  solids  of  milk,  or  in  the  subsequent  extraction  ot  the 
fat  points  which  have  been  much  dwelt  upon  by  some  analysts,  and 
we  have  therefore  not  found  it  necessary  to  make  use  of  a  weighed 
quantity  of  sand  or  hydi-ated  sulphate  of  lime,  winch  were  formerly 

''''''^sthtSm'of  fat.— The  residue  thus  obtained  is  treated  repeatedly 
witlf  sSf  quaitfties  of  ether,  until  the  whole  of  the  fat  has  been 
removed,  the  ether  being  easily  separated  from  the  residue  by  decanta- 
tir  no  filtering  being  required.  The  butter  can  then  be  estmiated 
eUher  from  the  ethereal  solution,  or,  as  explained  above  by  re- 
dryino-  the  residue  and  noting  the  loss  of  weight  sustained.  Tlie 
ethereal  solution  is  best  slowly  evaporated  at  a  low  temperature  m  a 

""^"VSmation  of  the  mgar.-Mier  the  removal  of  the  butter,  weak 
alcohol  is  poured  upon  the  residue  and  digested  with  it.    This  takes 
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up  the  sugar,  with  a  little  saline  matter,  soluble  iu  alcohol.  By  evapo- 
ratiug-  this  solution  and  weig'hing  the  dry  residue,  the  quantity  of 
sugar  is  determined ;  or,  as  before,  the  residue  itself  may  be  dried  and 
weighed,  and  the  sugar  estimated  by  the  loss.  If  we  wish  to  estimate 
the  small  quantity  of  inorganic  saline  matter,  which  has  been  taken  up 
with  the  sugar,  it  may  be  done  by  burning  the  latter  in  the  air  and 
weighing  the  residue. 

Or  the  sugar  may  be  estimated  directly  from  the  whey  by  the  copper 
solution,  the  details  of  the  employment  of  which  will  be  found  given 
in  the  article  on  '  Sugar.'  But  the  whey  should  be  diluted  with  4  or 
5  volumes  of  water,  so  that  the  amount  of  sugar  may  be  reduced  to 
not  more  than  1  per  cent.  According  to  jSTeubauer,  lOO  parts  of  milk 
sugar  reduce  433-1,  and  according  to  MaUiaim,  415-8  parts  of  oxide  of 
copper.  But  a  more  exact  method  is  to  convert  the  lactose  into  galac- 
tose, which  reduces  precisely  the  same  amount  of  copper  to  the  state 
of  suboxide  as  do  the  glucoses — namely,  692-6  parts. 

A  very  close  approximation  to  the  quantity  of  sugar  present  in 
milk  may  be  obtained  by  simply  evaporating  the  whey  to  dryness, 
weighing  the  residue,  and  deducting  the  weight  of  the  ash  left  "on  its 
incineration. 

Estimation  of  casein. — After  the  removal  of  the  butter  and  sugar, 
as  ah-eady  described,  the  solids  still  remaining  consist  of  casein  with 
the  greater  portion  of  the  mineral  matter.  This  residue  should  now 
be  dried,  weighed,  incinerated,  and  the  weight  of  the  ash  subtracted. 
The  difference  will  represent  the  casein. 

Or  other  methods  may  be  pm-sued.  The  casein  may  be  precipitated 
with  acetic  acid,  it  carr^dng  down  with  it  nearly  the  whole  of  the 
butter.  Wash  repeatedly  with  weak  alcohol,  di-y,"dissolve  out  the  fat 
with  ether,  re-diy,  and  weigh.  The  casein  thus  obtained  contains  a 
small  quantity  of  mineral  matter,  which  is  to  be  estimated  by  incinera- 
tion and  deducted. 

Or,  lastly,  the  casein  may  be  calculated  from  the  amount  of  uitroffen 
determined  by  the  usual  combustion  process,  the  particulars  of  which 
have  already  been  given  under  the  head  of  '  Tea  and  its  Adulteration  ' 
but  a  deduction  will  have  to  be  made  for  the  albumen  contained  in  the 
icilk. 

_  Estimation  of  albumen. — This  is  estimated  in  the  serum  of  the 
milk  left  after  the  precipitation  in  the  cold  of  the  curd  by  dilute  acetic 
acid.    The  acid  should  be  nearly  neutralised  and  the  seriun  boiled 
when  the  albumen  will  be  precipitated,  and  may  be  collected  and  dried 
on  a  weighed  filter. 

THE  SPECIFIC  GEATITT  OP  GENUrNE  MILK. 

As  the  composition  of  millc  varies,  so  of  course  does  its  specific 
gravity,  but  it  may  be  said  to  range  from  1027  to  1034.  The  great 
variation  in  the  specific  gravity  of  the  milk  is  mainly  occasioned  by 
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correspondinrr  differences  in  tlie  quantity  of  butter  present;  this  bein^' 
80  SSHigliter  than  water,  the  greater  its  amount  of  course  the  les. 

'^'SliVe'noIrS  or  sufficient  data  at  present  existing  to  show 
to  casein  and  the  sugar  of  -f^^^^Z 

stances  and  how  far  they  ailect  the  granty  of  the  milk ,  tliat  is  to  sa^ , 
fhere  have  been  no  sufficient  mmiber  of  separate  determinations  of 
those  conltituents  of  milk  on  which  to  base  the  limits  of  their  vana  lon^ 
N^St  they  do  not  vary  to  anything  like  the  same  extent  as  the 
It  some^chemists  mSntain  that  the  solids  of  milk  apart  from 
Ibe  fat,  repesent  very  nearly  a  fixed  quantity,  having  but  a  ^el^ 

ThSowin^^^^^^^        serve  to  show  some  of  the  variations  to 

which  the  gravity  of  milk  is  liable  :— 

Tables  showing  the  variations  in  the  Specific  Gravity  of  GenuineMilk,  and  the 
laoiessnou,  y  „f  this  to  the  percentages  of  Cream. 


TABLE  I. 


Spec.  Gi-av. 
at  15-5°  0. 
1034-5 

1029-  7 

1030-  4 

1031-  3 

1032-  1 

1027-  5 

1031-  2 

1028-  8 
1030-3 

1032-  3 

1029-  9 

1030-  6 


Average  1030-7 


Cream  by 
creamometer. 

9-0 

7-5 
11-0 

9-0 
110 

20-  5 

21-  0 
1-2-0 
15-3 
18-3 
13-2 
13-8 

13-5 


Cows. 
1 
2 

3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 


TABLE  II. 

MiUc. 
Spec.  Grav. 
1031 
1029 
1019 
1008 
1030 
1027 
1026 
1029 
1030 
1024 
1027 
1023 
1024 
1025 


Cream. 

2° 

2^ 
26 
80 

0 
13 

8 

7 
10 
10 
25 
32 
10 
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The  preceding  Table  II.  inchides  samples  of  both  mominp:  and  after- 
noon milk,  as  well  as  some  of  the  first  and  last  milk  obtained  at  the 
same  milking ;  they  are  not,  therel'ore,  to  be  taken  as  average  samples 
of  milk.  Moreover  the  gravities  of  the  samples  of  Table  II.  were 
taken  by  means  of  the  ordinary  hydrometer,  and  are  probably  some- 
what lower  than  they  should  be. 

From  an  examination  of  Table  II.,  it  appears  that  a  milk  may  be  of 
high  specific  gravity,  and  yet  yield  but  little  cream  (see  1) ;  or  it 
may  be  of  low  specific  gravity,  and  yet  afl'ord  a  very  large  quantity 
of  cream  (see  4).  It  will  be  observed  that  not  one  of  the  samples  in 
the  table  shows  a  low  specific  gxavity  with  deficiency  of  cream. 

The  specific  gravity  of  skim  milk  is  of  course  greater  and  much 
more  uniform  than  that  of  the  whole  miUr,  containing  also  only  an 
insignificant  amoimt  of  fat ;  the  range  of  its  gravity  is  less,  usually 
between  1034-6  the  lowest  and  1038-6  the  highest.  In  considering 
the  question  of  the  adulteration  of  milk  with  water,  as  will  hereafter 
appear,  this  small  range  of  variation  wiU  be  found  to  be  a  point 
of  gi-eat  importance. 

The  following  table  shows  the  specific  gravities  of  sldm  milk,  the 
fat  and  the  total  solids  contained  in  it,  the  gravities  having  been  taken 
by  means  of  the  specific  gravity  bottle. 


Spec.  Gray,  of  Sldm  Milk 
at  15-5°C. 

Pat  in  Sldm  Milk. 

Total  Solids  of  Skim  Milk. 

1038-6 

0- 

11-26 

1034-6 

0-14 

10-16 

1036-9 

0-24 

11-04 

1036-2 

0-10 

10-28 

1037-4 

008 

10-72 

1035-8 

0-20 

10-36 

10.36-0 

006 

1037-1 

0-11 

1036-S 

0-10 

1038-4 

0-10 

11-56 

1036-9 

0-06 

11-05 

1087-0 

0-04 

10-58 

1035-4 

0-28 

11-10 

103.5-3 

0-12 

9-90 

1035-4 

0-08 

9-88 

Average  1036-35 

0-11 

10-57 

The  specific  gravity  of  the  serum  of  milk  is  due  mainly  to  the  sugar 
contained  in  it;  and  as  this  constituent  is  said  to  be  the  least 
variable,  so  is  the  specific  gi-avity  of  the  serimi  the  least  subject  to 
vanation— a  circumstance  of  considerable  importance,  as  will  be  shown 
presently. 
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Tables  showinq  the  Density  of  Serum,  and  its  relation  to  the  Specific  Gravity 

of  Milk: 

TABLE  III. 


Cows.  Spec.  Grav.  of  Milk.  Spec.  Grav.  of  Serum. 

1  "  .       .       .      .    1028-9    .       .  .  10.^1-8 

2  ...    1030-3    .       .  .  1031-4 

3  .       .       .      .    1032-3    .       .  .  1030-2 

4  .      .       .     .    1029-9    .      .      .  1031-9 

5  ...    1030-6    .      .      .  1029-9 


TABLE  IV. 


Cows. 

Milk. 

Serum. 

Cows. 

Milk. 

Serum. 

Spec.  Grav. 

Spec.  Grav. 

Spec.  Grav. 

Spec.  Grav. 

1 

1029 

1028 

22 

1022 

1027 

2 

1026 

1028 

23 

1030 

10-27 

3 

1029 

1025 

24 

1031 

1028 

4 

1031 

1027 

25 

10/8 

5 

1030 

1027 

26 

1030 

10-28 

6 

1008 

1025 

27 

1031 

1028 

7 

1019 

1027 

28 

1028 

1027 

8 

1026 

1026 

29 

1028 

1027 

9 

1030 

1027 

30 

1027 

1028 

10 

1028 

1028 

31 

1028 

1027 

11 

1027 

1027 

32 

1030 

1028 

12 

1026 

1027 

33 

1029 

1028 

13 

1027 

10-25 

34 

1026 

1027 

14 

1029 

1027 

35 

1024 

1026 

15 

1030 

1027 

36 

1027 

1026 

16 

1030 

1027 

37 

1026 

1028 

17 

1023 

1028 

38 

1028 

1028 

18 

1023 

1028 

39 

1026 

10-27 

19 

1025 

1027 

40 

1026 

10-26 

20 

1024 

1027 

41 

1030 

10-26 

21 

1024 

1028 

42 

1023 

1028 

Table  IV.  includes  many  samples  of  milk  of  an  exceptional  cha- 
racter. The  gravities,  it  should  he  noted,  given  in  this  tahle  -were 
ascertained  by  means  of  an  ordinary  hydrometer. 

While  the  specific  gra^dtv  of  milk  extends  over  a  wide  range, 
varying  from  1008  to  1034,  that  of  the  serum,  on  the  contrary,  is 
suhiect  to  only  a  slight  variation,  the  limits  of  this  in  Table  III. 
lying  between  1029-9  and  1031-9,  and  in  Table  IV.  between  1025 
and  1028.  ^ 

We  have  here,  then,  one  more  fixed  datum  from  which  to  deter- 
mine the  adulteration  of  milk  with  water,  a  point  of  the  greatest 

importance.  ^    j      xi  x 

The  specific  gravity  of  sJcim  milk,  although  not  so  fixed  as  that  ot 
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the  serum,  is  yet  uiucli  more  so  than  that  of  whole  milk :  its  average 
weight  is  estimated  bv  Pereira  at  1034-8,  hwt  we  find  it  to  range 
between  1034-6  and  1038-6,  the  average  being  1036-3.  (See  table,  p. 
401.) 

VAEIAXIONS  IN  THE  COMPOSITION  01"  MILK. 

It  has  been  stated  that  the  composition  of  milk  is  subject  to  very 
gi-eat  variation  according  to  several  modifying  circumstances.  The 
chief  of  these  are — the  age  of  the  cow,  its  condition,  the  time  and  fi-e- 
quency  of  millring,  the  uatm-e  of  the  food,  housing  of  the  cows,  and 
temperatm-e.  We  shall  bestow  a  few  remarks  on  each  of  these  causes 
of  variation. 

Iii/luence  of  age  on  milk. — With  respect  to  age,  a  young  cow  with 
her  first  calf  gives  less  miHi  than  with  her  second,  third,  or  fourth  calf, 
she  being  considered  to  be  in  her  best  condition,  in  most  cases,  when 
from  fom*  to  seven  years  old. 

The  period  during  which  cows  give  milk  after  calving  is  usually 
five  or  six  months,  but  very  frequently  the  time  is  much  prolonged 
beyond  this  ;  we  have  been  informed  of  an  instance  of  a  cow  continuing 
to  give  miUi  for  three  years  and  a  half  after  calving. 

Injliience  of  condition  on  milk. — The  first  milk  yielded  by  the  cow 
after  cahing  is  yellow,  thick,  and  stringy:  it  is  called  colostrum,,  and 
by  miUmieu  and  others,  '  beastings.'  This  state  of  the  milk  lasts  from 
about  three  weeks  to  a  month,  but  is  very  bad  for  the  first  ten  days, 
dming  which  time  the  milk  is  not  fit  for  use.  From  the  end  of  the 
fii'st  to  the  termination  of  the  third  or  fourth  mouth  the  milk  is  in  its 
best  condition. 

The  cow  canies  her  calf  for  forty  weeks,  or  ten  lunar  months.  It 
is  the  common  practice  to  milk  the  cow  regularly  for  the  first  seven, 
eight,  or  nine  months  of  this  period,  a  practice  which,  at  first  sight, 
appears  to  be  highly  objectionable,  but  which  is  really  not  so  much  so 
as  might  be  supposed ;  and  it  is  rendered  absolutely  necessary  by 
the  fact  that  cows  could  not  otherwise  be  profitably  kept ;  never- 
theless, it  is  very  important  that  the  mUking  should  not  be  continued 
too  long,  for  the  sake  of  the  cow,  the  calf,  and  the  milk  itself :  in 
general  it  should  cease  at  the  end  of  the  seventh  month ;  many  cow- 
keepers,  however,  continue  to  milk  up  to  a  very  short  period  of 
calving. 

Another  very  objectionable  practice  is  to  permit  the  cow  again  to 
become  in  calf  within  two  or  three  months  after  having  calved  ;  the 
object  of  doing  so  is  to  derive  as  much  profit  as  practicable  from  the 
animal,  without  regard  to  the  effect  on  its  constitution,  the  quality  of 
the  milk,  or  the  growth  of  the  calf.  It  is  impossible  to  concei^-e  that 
a  cow  can  continue  to  yield  large  quantities  of  good  milk  daily,  and 
afford,  at  the  same  time,  sufficient  nomishment  for  caiTying  on  effec- 
tively the  process  of  gestation. 

Influence  of  food  on  milk, — The  natural  food  of  the  cow  is  evi- 
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dently  that  derived  from  pastures,  viz.  fj-rass,  the  milk  ohtained  from 
covps  led  upon  this  being  of  excellent  quality  and  sufficiently  rich  for 
all  piu'poses. 

The  next  most  natural  food  is  dried  grass  or  hay,  which  is  given 
largely  to  cows  in  winter,  the  milk  being  nearly  the  same  in  quality 
as  from  grass. 

Beet-root,  carrots,  mangold-wurzel  and  oilcake  being  very  nutri- 
tious, are  also  usually  given  to  cows  in  the  winter  time  with  advantage. 
With  i-egard  to  the  effect  of  beet-root  and  ean-ots  on  milk,  we  obtain 
the  following  information  by  MM.  0.  Henrie  and  Chevalier. 


Normal  Milk. 

Fed  on  Beet. 

Fed  on  Carrots. 

Casein  (cheesy  matter) 

4-48 

3-75 

4-20 

Butter 

3-13 

2-75 

3-08 

Sutrar  of  millc  . 

4-77 

5-95 

5-30 

Salts,  various 

0-60 

0-68 

0-75 

Water 

87-02 

86-87 

86-67 

100-00 

100-00 

10000 

It  will  be  observed  that,  according  to  the  above  tables,  the  effect 
of  feeding  cows  on  carrots  is  to  occasion  a  slight  diminution  in  the 
amomit  of  casein  and  butter,  but  an  increase  in  the  quantity  of  sugar, 
while  feeding  them  on  beet-root,  reduces  still  more  the  quantity  of 
casein  and  butter,  but  veiy  largely  increases  the  sugar — effects  which, 
from  the  richness  of  can'ot  and  beet  in  sugar,  might  have  been  anti- 
cipated. 

As  is  well  known,  a  very  considerable  niunber  of  the  cows  which 
supply  London  with  milk  are  kept  in  various  confined  and  unhealthy 
places  in  the  metropolis  ;  such  cows  are  seldom  tm-ned  out  to  grass ; 
the  system  of  feeding  adopted  being  altogether  artificial  and  imnatiu-al, 
brewers'  grains  and  distillers'  wash  forming  much  of  their  food; 
these  stimulate  the  animals  unnatm-ally,  and  under  the  stimulus  large 
quantities  of  milk  of  inferior  qualitj'  are  secreted,  the  cow  quickly 
becoming  worn  out  and  diseased  in  consequence. 

In  reference  to  the  effects  of  gi'ains  on  cows,  Mr.  Harley  makes  the 
following  remarks : — 

'  Brewers'  and  distillers'  grains,  and  distillers'  wash  make  the  cattle 
grain-sick,  as  it  is  termed,  and  prove  injurious  to  the  stomach  of  the 
animal.  It  has  been  ascertained  that  if  cows  are  fed  upon  these 
grains,  &c.,  their  constitutions  become  qiiickly  desti'oyed.' 

Iirfliuence  of  temperature  on  fniUc. — In  hot  coimtries  and  dry  seasons 
the  quantity  of  milli  yielded  is  said  to  be  less,  but  the  quality  is  richer ; 
it  is  also  stated  that  cold  favom-s  the  production  of  sugar  and  cheese, 
whilst  hot  weather  augments  the  amount  of  butter. 
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It  would  he  extremely  desii-able  to  ascertain  precisely  the  extent 
to  which  the  quality  of  millf  is  inlluenced  by  weather. 

Injlumce  of  the  time  and  frequency  of  milking.— With  regard  to 
the  quality  of  milk  as  aflected  by  the  time  and  frequency  of  milking^ 
morning  milk  is  said  to  be  better  than  that  obtained  in  the  afternoon  ; 
and  the  millc  of  cows  when  milked  but  once  a  day  is  richer  than 
either.  It  is  the  common  belief  that  the  last  portion  of  the  milk 
obtained  at  any  milldng  is  richer  than  the  fu-st.  Many  years  since  we 
took  pains  to  'ascertain  whether  there  is  any  foundation  for  such  an 
opinion,  and  iind  it  to  be  really  the  case  to  a  remarkable  extent,  as  will 
appear  from  the  following  table. 

Table  showing  the  Difference  in  the  Qualltij  of  the  First  and  Last  Milk  obtained 

at  each  Milking. 

First  Milk. 
Afternoon. 


Milk. 

Cows.  Spec.  Grav.  Cream. 

1  .  .  .  .  1027  ....  9° 

2  .  .  .  .  1026  ....  13 

3  .  .  .  .  1027  ....  8 

4  .  .  .  .  1029  ....  7 

5  .  .  .  .  1030  ....  11 

6  .  .  .  .  1030  ....  8 

7  .  .  .  .  1029  ....  3i 

8  .  .  .  .  1031  ....  2 

61i 

Last  Milk. 

1  .  .  .  .  1023  ....  25 

2  .  .  .  .  1023  ....  22 

3  .  .  .  .  1025  ....  10 

4  .  .  .  .  1024  ....  15 

5  .  .  .  .  1024  ....  32 

6  .  .  .  .  1022  ....  25 

7  .  •  .  .  1026  ....  7i 

8  .  .  .  .  1030  ....  5 


141i 

From  an  examination  of  these  tables  it  appears  that  the  last 
milks  ai-e  of  much  lower  specific  gravity  than  the  lirst ;  and  hence,  had 
the  specific-gravity  test  alone  been  relied  on,  they  would  have  been 
pronounced  to  be  inferior  in  richness  to  the  first ;  a  conclusion  the 
reverse  of  that  which  is  correct.  Thus,  while  the  cream  of  the  whole 
eight  samples  of  the  fii'st  miUis  amounted  to  61^  percentages,  that  of 
the  last  amounted  to  14]^  ;  that  is,  they  contained  more  than  double 
the  quantity  of  cream.    This  fact  is  not  without  practical  importance. 

It  is  a  common  practice  for  invalids  and  others  to  prociu'e  their 
glass  of  milk  dii-ect  from  the  cow  :  we  thus  perceive  that  in  this  way 
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they  seldom  oUain  the  proper  proportion  of  hutter,  a  circumstance 
which  may  be  of  advantage  in  some  cases,  and  of  disadvantage  in 
others.  In  London  it  is  now  common  for  cows  to  be  driven  through 
the  streets,  and  to  be  milked  in  the  presence  of  the  purchasers : 
although  in  this  way  the  buyer  succeeds  in  procurmg  it  genuine, 
he  does  not  always  obtain  the  best  milk.  _ 

The  oTeat  difference  in  the  amount  of  cream  contamed  m  the  hrst 
and  last  mlk  taken  from  the  cow  at  one  miUring,  appears  to  be  satis- 
factorily explained  on  the  supposition  that  the  fatty  matter  ot  the 
milk  obevs  the  same  laws  of  gravity  in  the  udder  of  the  cow  that  it 
does  when  set  aside  in  an  open  vessel. 

The  following  tables  show  the  variations  in  the  specihc  gravity  ot 
millc,  and  the  percentages  of  cream  in  morning  and  afternoon  milk. 

Talk  showing  the  Specific  Gravity  of  Pure  MiUi,  and  the  Percentages  of  Cream. 


Cows. 
Kichmond. 

1 

2 
3 
4 
5 
6 

London. 
7 
8 
9 
10 


Average  nearly 


Morning  Milk. 

MUk. 
Spec.  Gravity. 

1030 
lOol 
1028 
1030 
1031 
1028 

1030 
1023 
1029 
1028 


1029  Total 
Average  about 


Cream. 

6i 
7 

4i 
9 
10 


12 
5 
7 
9 


Cows. 
Biclimond. 

1 
2 
3 
4 
5 
G 

London. 
7 
8 
9 

10 


Afternoon  Milk. 

Mili. 

Spec  Gravity, 

1028 
1027 
1027 
1028 
1028 
1027 

1028 
102G 
1026 
1026 


Avei-age  about 


1027  Total 
Average  more  than 


Cream. 

74 
10 
6 
9 

lU 


22 

G 

G 
11 

9G4 
9A 
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The  Richmond  cows  from  which  the  first  six  morning  and  afternoon 
milJcs  were  obtained,  were  fed  partly  on  grass  and  partly  on  grains. 

The  samples  were  taken  from  the  millc-pail  containing  the  whole  of 
the  millc  obtained  from  each  cow,  and  whilst  still  warm. 

From  the  preceding  tables  (p.  406)  it  appears : — 

That  the  specific  gravity  of  genuine  milk,  in  its  ordinary  con- 
dition, varies  between  1026  and  1031 ;  and  that  the  average  specific 
gravity  of  the  morning  milk  is  about  1029,  and  the  afternoon  1027; 
but  the  results  of  more  recent  observations  gave  a  variation  of  from 
1029  to  1034  for  genuine  millr.    (See  table,  p.  400.) 


THE  HOTTSING  Or  COWS. 

In  a  very  useful  little  pamphlet,  published  some  years  since  by 
Mr.  H.  Rugg,  surgeon,  on  London  milk,  we  meet  with  many  particu- 
lars relating  to  the  improper  mode  pm-sued  in  feeding  and  housing  cows 
kept  in  various  parts  of  the  metropolis. 

'  Any  place,  any  hovel,'  writes  Mr.  Rugg,  '  cow-keepers  seem  to 
consider  wiU  do  ibr  a  cow — narrow  lanes,  confined  corners,  &c. — 
and  yet  they  wonder  how  it  is  that  they  lose  so  many  from  disease. 
Can  any  one  with  a  grain  of  common  sense  at  all  wonder  that  cows 
should  be  afflicted  with  disease  when  they  are  huddled  together  in  a 
space  that  does  not  allow  them  sufiicient  breathing-room,  with  their 
heads  placed  close  up  to  the  wall,  and  without  a  sufficient  current  of 
ail-  or  ventilation  ?  The  carbonic  acid  expired  from  their  lungs  is, 
before  it  can  rise,  the  gi-eater  part  inhaled  again,  unmixed  with  &  suf- 
ficiency of  pure  air,  so  necessary  for  the  oxidation  of  the  blood,  and 
consequent  vitality  of  the  body.' 

Other  observations  on  the  same  subject  will  be  found  recorded  in 
the  '  Harleian  Dairy  System,' p.  14  ;  '  Aiton's  Dau-y  Husbandry,'  p.  70, 
and  in  a  pamphlet  on  '  The  Sanitary  Condition  of  the  Parish  of  St. 
James's,  Westminster,'  by  the  Hon.  F.  Byug. 

The  necessity  for  an  abundance  of  pure  air  is  shown  by  the  follow- 
ing calculation: — Dr.  Thomson  states  that  one  cow,  consumino-  6  lbs. 
of  carbon  in  its  daily  food,  for  respiratory  pm-poses  would  require 
956;^  cubic  feet  of  atmospheric  air. 


TECE  CHARACTERISTICS  OE  &00D  MILK. 

Good  milk  is  a  white  homogeneous  fluid,  of  sweet  and  bland 
teste,  not  becoming  viscid  on  the  addition  of  ammonia.  It  should 
fm-nish  a  mean  of  total  solids  of  about  13-17  per  cent,  and  at  the  least 
9-44  of  sohds  not  fat,  and  should  yield  an  average  of  about  llh  per- 
centages, by  the  lactometer,  of  cream. 

The  specific  gi-avity  of  genuine  whole  milk  is  liable  to  vary,  ordi- 
nanly,  however,  within  the  limits  of  1029  and  1034,  the  amoimt  of 
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cream  varying  in  a  corresponding  ratio ;  the  gravity  of  the  slrim  mill; 
rauginn-  from  1034'6  to  1038-6.  .  ' 

Examined  with  the  microscope,  milk  is  found  to  contain  mynads  ol 
heautifuUv  i'ormed  globules  of  fatty  matter  of  various  size,  and  reflect- 
ino'  the  lioht  strongly,  and  which  glohules  are  entirely  and  readily 
soluUe  in° caustic  potash;  in  fact,  good  milk  under  the  microscope 
presents  the  appearance  shown  in  fig.  124. 

Fig.  124. 
Good  Milk. 
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This  and  the  four  foUowing  figni-es  are  all  drawn  to  a  scaae  of  about  630  diameters. 

These  globules  do  not  consist  entirely  of  fat,  but  are  coated  with  an 
em-elope  formed  of  some  albuminous  substance,  as  shown  m  the  loMow- 

mg  P^'JPfJ'llI^g-T;.^^^^  tiie  existence  of  an  external  envelope :  he  added 
acetic  acid  to  the  milk,  and  found  that  the  shapes  of  the  globides  were 
£eby  distorted.  Mitscherlich  found  that  the  globules  were  not  dis- 
solved when  milk  was  shaken  up  with  ether,  which  would  have  been 
the  case  if  thev  were  a  simple  emulsion  of  fat;  il,  however,  caustic 
Stai  or  carbonate  of  potasiim,  which  dissolves  the  envelope,  was 
^Susly  added,  the  fat  was  then  dissolved  by  ether.    Lehmann  also 
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remarked  that  the  surface  of  the  g'lohules  in  milk  merely  treated  with 
,  ther  appeared  less  transparent,  turbid,  and  wrinkled,  as  it  it  had  been 
c  oac'ulated.  The  ether  took  up  the  fat  on  the  addition  of  phosphate 
of  sodium.  Moleschott  acted  on  the  coagulum  obtained  by  addiuf< 
alcohol  to  milk  with  acetic  acid,  and  extracted  the  fat  with  ether  ;  there 
remained  many  unbroken  fat  envelopes  in  the  form  of  httle  vesicles, 
which  he  was' able  to  fill  with  an  ethereal  solution  of  chlorophyll; 
they  contained  no  fat.    From  this  he  not  only  proved  the  existence  ot 


Fig.  125. 
Poor  Milk, 


the  fat  envelopes,  but  concluded  also  that  they  are  organised.' — 
Long,  in  Watts' s  Dictionary. 

If  the  milk  exhibit  any  want  of  complete  homogeneousness  or  is 
of  imperfect  liquidity  ;  if  it  be  viscid,  or  become  so  on  the  addition 
of  ammonia  ;  if,  examined  with  the  microscope,  blood,  pus,  or  colo- 
strum corpuscles  are  present,  the  milk  is  not  healthy  niilk  of  good 
qualitv ;  lastly,  if  the  fat  globules  are  comparatively  few  and  of  smaU 
size,  the  milk  is  poor. 

'  Professor  Mosler  has  dii'ected  attention  to  the  poisonous  efl'ects  of 
'•'  blue  milk,"  that  is  to  say,  milk  covered  with  a  layer  of  blue  substance. 
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which  is  in  fact  a  fungus,  either  Oidium  luctis  or  j^micillium,  wliicli 
seeius  to  have  the  power,  in  certain  conditions,  of  causiuf?  the  appear- 
ance in  the  milk  of  an  aniline  substance.  The  existence  of  tliis  form 
of  fungus  was  noted  by  Fuchs  as  long  ago  as  18G1.  Milk  of  this 
kind  gives  rise  to  gastric  irritation  (fii-st  noted  by  Steinhof ) ;  and  in 
four  cases,  noted  bj'  Mosler,  it  produced  severe  febrile  gastiitis. 

'  MiUi  which  is  not  blue,  but  which  contains  large  quantities  of 
oidiiun,  appears,  from  Hessling's  obser^-ations,  to  produce  many  dys- 
peptic symptoms,  and  even  cholera-like  attacks,  as  well  as  possibly  to 


Fig.  126. 

CHEAil. 


give  rise  to  some  aphthous  aflections  of  the  mouth  in  children.' — 
Parkes'  Hygiene. 

Cream  consists  for  the  most  of  the  fat  globules,  some  of  which 
are  of  very  considerable  size  (fig.  12G). 

The  curd  of  millj,  as  ah-eady  explained,  is  composed  of  both  the 
cheese  and  the  fat  globules.  Its  appearance  under  the  ruicroscope  is 
represented  in  fig.  .127 ;  the  casein  or  cheese  is  distinguished  by  its 
granular  textm-e. 

Colostrum.— first  milk  yielded  by  the  cow  after  calving,  called 
colostrum,  is  characterised,  as  before  noticed,  by  the  presence  of  uume- 
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rous  corpuscles  of  large  size  and  granular  appearance.  Cow's  millv  in 
the  state  of  colostrum  is  represented  in  fig.  128. 

The  colostrum  corpuscles  are  destroyed  by  potash  or  by  acetic  acid. 
Iodine  tiu-ns  tliem  of  a  yellow  colom-,  and  hence  it  is  inferred  that  they 
contain  a  large  amount  of  an  albuminous  substance. 

The  Apparatus  employed  to  Determine  the  Purity  and  Quality 

of  Milk. 

Independent  of  a  quantitative  chemical  analysis,  the  pm-ity  and 
quality  of  milk  are  often  judged  of  by  its  specific  gravity  and  the 
quantity  of  fatty  matter  or  cream  which  the  nulk  fui-nishes. 


KpT.  127. 
Curd  op  Milk. 


The  specific  gravity  of  milk  is  best  determined  by  the  ordinary 
specific  gravity  bottle  ;  but  it  is  more  frequently  ascertained  by  means 
of  the  common  hydrometer,  or  by  the  galactometer,  of  which  several 
varieties  have  been  devised. 

The  best  of  the  galactometers  is  the  instrument  invented  by  M. 
Dinocourt,  named  the  Centesimal  Galactometer  (fig.  130). 

Pure  milk  not  deprived  of  its  cream  has  a  less  specific  density  than 
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skim  miUc,  caused  by  tbe  ligbtness  of  tbe  cream.  If  tbe  cream  be 
either  iu  part  or  wholly  removed  from  milk,  tbe  residual  miUc  will 
weigh  heavier  than  that  which  contains  its  normal  proportion  of  cream. 
Skim  milk,  tberelbre,  tried  by  tbe  galactometer  scale,  for  pure  milk 
only,  would  give  a  higher  specific  gra\'ity  than  ordinarily  belongs^  to 
pure  milk,  and  hence  the  error  might  be  committed  of  supposing 
it  to  be  pm'e,  an  error  which  can  be  coirected  by  means  of  the 
creamometer,  whereby  tbe  percentage  of  cream  is  estimated ;  should 
this  percentage  fall  short  of  that  which  is  proper  to  pure  milk,  tbe 


Fig.  128. 
Colostrum. 


sample  of  milk  is  one  the  value  of  which  should  be  determined  by  tbe 
scale  for  pure  slrim  milk. 

Again,  if  to  such  skim  milk  we  add  a  certain  percentage  of  water, 
we  restore  to  it  its  proper  specific  gravity,  and  therefore  this  milk 
would  show,  with  the  centesimal  galactometer,  tbe  density  proper  to 
pure  milk,  and  hence  this  fraud  woidd  escape  detection.  In  order 
to  meet  cases  of  this  kind,  which  are  of  frequent  occiirrence— namely, 
the  complete  or  partial  removal  of  the  cream,  it  is  necessary  also  to 
employ  the  creamometer,  and  ascertain  by  it  whether  the  sample  imder 
examination  contains  tbe  proper  proportion  of  cream  or  not ;  indeed, 
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it  is  not  possible  to  come  to  any  certain  or  safe  conclusions  without 
employing  the  two  instnmients,  the  lactometer  or  hydrometer,  for 

Pig.  130. 


Fig.  129. 
CosiMOX  Htdrometek. 
(Reduced  one-half.) 


The  Centestmal 

GrALACTOMETEn. 

(On  a  reduced  scale.) 
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a,  Range  of  pure  milk. 
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taking  tlie  specific  gravity  of  the  whole  milk,  and  the  creamometer,  to 
measure  the  cream. 

Where  tlie  specific  gravity  of  a  milli  is  very  low.  and  this  not  pro- 
duced hj  a  large  excess  of  cream,  it  is  due  to  the  admixture  of  water, 
the  quantity  of  which  may  be  determined  with  consideraWe  accuracy 
from  the  milk,  or,  better  still,  from  the  skim  milk  or  whey,  by  the 
common  hydrometer. 

The  reason  why  the  centesimal  galactometer  has  been  provided 
with  two  scales,  one  for  pm-e  and  the  other  for  skim  milk,  is,  of  course, 
on  account  of  the  very  different  densities  possessed  by  each.  _ 

The  great  advantage  of  the  centesimal  galactometer  consists  in  its 
centesimal  graduation,  whereby  calculation  is  so  much  facilitated. 

It  is  proper,  in  using  either  the  specific  gra\ity  bottle  or  the  ordi-  ' 
nary  hydrometer,  to  take  the  specific  gra%ity  of  milk  always  at  the 
same  temperatiu-e,  namely  60°  F  =  15-6°  C.  This  precaution  is  espe- 
cially necessary  with  the  centesimal  galactometer,  in  which,  from  the 
delicacy  of  the  graduation,  a  comparatively  slight  alteration  of  tempera- 
tm-e  occasions  a  difference  of  several  degi-ees. 

When  it  is  desired  to  make  use  of  the  scale  for  skim  milk,_one 
portion  of  the  milli  is  to  be  set  aside  for  about  twenty  hours  in  a 
creamometer  •,  another  in  a  pan  for  the  same  length  of  time ;  the 
percentage  of  cream  in  the  creamometer  is  to  be  noted,  and  the 
density  of  the  milk  in  the  pan,  after  being  skimmed,  taken  in  the 
ordinary  manner  with  the  centesimal  galactometer,  or,  still  better, 
with  the  specific  gravity  bottle. 

Of  all  the  constituents  of  milk,  the  sugar  is  the  least  subject  to 
variation,  and  as  the  density  of  the  serum  of  milk  is  principallv  due 
to  the  suo-ar,  its  specific  gravity  of  course  is  also  but  little  habie  to 
alteration.  This  statement  is  founded  upon  the  results  of  niunerous 
observations.  It  therefore  long  since  occm-red  to  us  that  the  utihty 
of  the  o-alactometer  might  be  greatly  enhanced  by  the  addition  of  a 
centesimal  scale  for  the  serum  of  milk.  The  advantage  of  this  scale 
would  be  that— starting  from  a  fixed  point,  the  normal  specific  gi-avity 
of  the  serum— it  would  show,  vnth.  considerable  nicety,  the  extent 
of  the  more  usual  adulteration  of  milk— namely,  that  with  water :  for 
in  proportion  as  water  is  added,  so  does  the  weight  of  the  serum 
diminish,  and  this  in  such  a  marked  manner  that  the  quantity  of  water 
added  may  readily  be  determined  in  percentages.  Numerous  observa- 
tions are  iirst  required,  in  order  to  fix  accm-ately  the  normal  specific 
gravity  of  the  serum  of  the  milk  of  the  cow. 

Method  of  determininq  the  cream  — The  amount  of  cream  is  deter- 
mined by  means  of  an  instrument  invented  bv  the  late  Sir  J oseph  Banks, 
termed  a  cremnometer.  This  consists  of  a  tube,  usuaUy  eleven  inches 
lono-  and  half  an  inch  in  diameter;  the  upper  inch  or  two  inches  ot 
this  are  o-raduated  in  tenths  of  an  inch— that  is,  in  himdredths  of  tfie 
whole  'T'he  tube  is  filled  with  milk,  and  set  aside  for  twenty  houi-s  ; 
the  cream  ascends  to  the  sm-face,  and  its  amount  is  determined  by 
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the  thickness  of  the  stratum  formed,  and  which  is  ascertained  by  noting 
the  number  of  degrees  or  tenths  through  which  it  extends. 

As  the  quantity  of  cream  not  unfrequently  exceeds  twenty,  and 
has  even  been  known  to  reach  eighty  per  cent.,  the  tubes  should  in  all 
cases  be  graduated  for  nearly  theii-  whole  length. 


Fig.  131. 
Creamometer  and  Stand. 
(On  a  reduced  scale.) 
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The  dotted  lines  indicate  the  percentages  of  cream  on  fonr  samples  of  milk 
from  different  cows  after  standing  twelve  hours. 


The  construction  of  the  creamometer  is  shown  in  the  accompanying 
woodcut,  representing  a  rack,  holding  fom-  of  these  instruments  (fig. 
131). 

Oream  forms  more  quickly  in  warm  than  cold  weather ;  and  in 
malring  comparative  observations  on  a  number  of  samples,  it  is  proper 
that  they  should  be  set  aside  in  creamometers  at  the  same  time  and  for 
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the  same  period ;  the  degi-ees  should  not  be  read  off  until  the  full 
period  of  twenty  hours  has  elapsed. 

The  thiclmess  of  the  stratum  of  cream  formed  on  (genuine  milk  is, 
like  the  specific  pravity,  subject  to  considerable  variation:  in  two 
extreme  cases  we  have  met  with,  one  of  the  samples  showed  but  two 
degrees  of  cream,  and  the  other  m/My.  Accordiug:  to  ]-)r.  Normandy, 
the  thickness  of  the  stratum  of  cream  on  pure  milk  is  generally  from 
8  to  8:^  percentages  ;  M.  Dinocourt  finds  the  percentages  to  range 
between  9  and  14,  while,  according  to  our  numerous  observations, 
the  avercKje  is  IH  percentages;  but  it  is  important  to  remember  that 
the  cream  which  collects  on  the  creamometer  has  not  in  aU  cases  an 
identical  composition,  but  that  the  amount  of  fat  contained  in  it  is 
subject,  as  has  already  been  shown,  to  very  considerable  variation. 

It  must  not  be  forgotten  that  London  milk,  as  delivered  to  houses, 
consists  in  general  of  the  miUc  of  different  cows  mixed  together ;  and 
therefore,  in  order  to  determine  what  ought  to  be  the  depth  of  cream 
formed  on  good  milk,  we  should  take  the  average  amount  obtained 
from  such  mixed  milks.  ,  .  j-ir 

We  have  said  that  the  quantity  of  cream  vanes  much  m  diflerent 
samples  of  genuine  milk  ;  and  not  only  is  this  the  case,  but  it  should 
also  be  known  that  the  amount  of  cream  yielded  by  any  sample  of 
millc  is  no  certain  criterion  by  which  to  judge  of  its  quality,  as  some 
milks  are  rich  in  cream  and  yet  may  be  watered  and  so  be  deficient 
in  casein  and  sugar. 

It  has  been  stated  that  the  addition  of  a  small  quantity  of  wann 
water  to  milk  increases  the  amount  of  cream  ;  the  belief  m  the  accuracy 
of  this  statement  is  general,  and  it  is  commonly  acted  upon  by  milk- 
men ;  nevertheless,  the  assertion  is  entirely  erroneous— the  addition  ot 
water  to  milk  does  not  increase  the  quantity  of  cream ;  it  merely  iaci- 
litates  and  hastens,  in  a  most  remarkable  manner,  its  formation  and 
separation,  as  is  shown  by  what  follows  :— 

Six  creamometers  were  filled,  one  with  pure  milk,  the  remainder 
with  the  same  milk  diluted  respectively  with  ten,  twenty,  thirty,  lortj-, 
and  fifty  per  cent,  of  water. 

Twenty  minutes  after  the  addition  of  the  water,  the  creamometer 
showed,  in  the  milk  containing  fifty  per  cent,  of  water,  six  degrees  ot 
cream ;  in  that  with  forty  per  cent.,  five  degi-ees  ;  with  thirty  percent., 
four  degrees  ;  with  twenty  per  cent.,  three  degrees  ;  with  ten  per  cent., 
one  decree  ;  and  in  the  pure  miUv,  half  a  degi-ee  only.  _  ■,  ,  if 
At  the  end  of  forty  minutes,  the  cream  stood  thus  :  six  and  a  halt 
deo-rees  on  the  millv  containing  fifty  per  cent,  of  water  ;  six  on  that  witli 
forty  per  cent. ;  five  and  a  half  on  that  with  thirty  per  cent. ;  five  on 
that  with  twenty  per  cent.;  four  and  a  half  on  that  with  ten  per  cent.; 
and  four  on  the  pure  milk.  ,    r  ^ 

At  the  end  of  twelve  hours,  the  milk  wdth  fifty  per  cent,  of  water 
showed  five  degrees  of  cream  ;  that  with  forty  per  cent,  five  degrees 
and  thi-ee-quarters ;  that  with  thirty  per  cent.,  six  and  a  halt  degrees ; 
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that  -svitli  twenty  per  ceut.,  seven  degi-ees  and  a  quarter  ;  that  with  ten 
per  cent.,  eight  degi-ees  ;  and  the  pure  milk,  nine  degrees  of  cream. 

It  thus  appears  that  the  addition  of  a  large  quantity  of  water  to 
milk  occasions  an  almost  immediate  formation  of  cream ;  of  this  fact, 
in  some  cases,  it  would  be  an  advantage  to  dairymen  to  avait  them- 
selves, but  it  does  not  augment  the  amount. 

Some  persons  form  their  judgment  of  the  quality  of  millc  simiDly  by 
its  density,  regarding  all  samples  which  do  not  indicate  a  certain  specific 
gi-avity  as  of  inferior  quality.  We  have  already  seen  that  this  method  is 
very  fallacious,  and  that  by  it  some  milks,  rich  in  cream,  would  be  pro- 
nounced of  inferior  quality,  in  consequence  of  their  low  density,  while 
others,  deficient  in  that  constituent,  would  be  declared  of  superior 
quality  on  account  of  their  high  density. 

Others  rely  upon  the  indications  afl'orded  by  the  creamometer,  which 
also  has  its  fallacies,  but  which  are  not  so  great  when  the  instrument  is 
used  with  the  necessaiy  precautions,  as  those  relating  to  the  specific 
gravity  of  milk.  The  creamometer  has  regard  to  only  one  component 
of  milk,  namely,  the  fatty  matter. 

The  following  facts  will  show  how  misleading  is  the  creamometer  in 
some  cases.  We  have  met  with  several  samples  of  genuine  milk,  which 
gave  only  three  or  fom*  percentages  of  cream,  but  which  yet  possessed 
a  specific  gravity  of  1030;  judged  by  the  creamometer  test  alone,  such 
milks  would  be  pronounced  by  all  to  be  very  poor,  and  by  some  even  to 
be  adulterated.  Now  this  conclusion  would  be  to  a  very  great  extent 
erroneous  ;  for  such  milks,  although  certainly  deficient  in  butter,  have 
the  full  proportion  of  the  remaining  constituents,  namely,  the  cheese 
and  the  sugar.  Again,  we  constantly  meet  with  samples  of  miUi  giving 
sLx,  eio-ht,  or  more  percentages  of  cream,  and  which  nevertheless,  as 
shown  by  the  specific  gravity  of  the  skim  milk,  are  unquestionably 
adulterated  with  large  quantities  of  water. 

The  observer  who  relied  upon  the  indications  of  the  creamometer 
would  have  regarded  these  last  samples  as  of  average  quality.  The 
enquirer,  therefore,  should  not  rely  solely  upon  either  the  specific  gravity 
or  the  creamometer  tests,  but  in  all  cases  employ  both,  the  one  acting 
as  a  corrective  of  the  fallacies  of  the  other,  or  he  may  determine  the 
amount  of  solids  not  fat,  basing  upon  it  his  calculation  for  water. 

For  all  practical  purposes,  the  above  methods  of  examination  are 
sufiicient.  Should  it  be  desired  to  institute  a  quantitative  analysis,  we 
may  then  adopt  the  processes  abeady  given  under  the  head  of  the  analysis 
of  milk. 

Donne's  lactoscope. — Some  years  since  an  instrument,  tenned  a  lacto- 
scope,  was  invented  by  M.  Donn^,  of  Paris,  for  determining  the  richness 
of  m^]k  by  estimating  the  relative  opacity  of  thin  stratunis  of  milk, 
and  which  opacity  is  mainly  dependent  upon  the  number  of  fat 
globules  therein  contained. 

An  instrument  similar  in  principle  but  differing  considerably  in  its 
details,  the  light  of  a  candle  being  employed  instead  of  daylight,  has 
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been  devised  by  Vogel.  Both  instruments  are  no  doubt  capable  of  fur- 
nishing approximate  results  as  regards  the  amounts  ot  latty  matter 
present,  but  their  use,  having  so  many  other  ready  and  certam  means 
of  ascertaining  the  fact  of  the  adulteration  of  milk  at  om-  command, 
need  not  be  here  recommended. 


THE  ADTJLTEBATIONS  OF  MILK. 

There  are  few  articles  of  food  more  liable  to  adulteration,  and  this 
of  the  o-rossest  description,  than  milk.  The  most  prevalent  and  impor- 
tant adulteration  is  that  with  xvater.  Now  some  few  persons  who  have 
not  reflected  closely  upon  the  matter,  may  be  disposed  to  make  ight 
of  the  adulteration  of  milk  with  water,  and  to  speak  m  rather  facetious 
terms  of  the  cow  with  the  iron  tail ;  but  it  is  sure  y  no  light  matter  to 
rob  an  important  article  of  daUy  consumption,  like  milk,  of  a  large 
-nortiou  of  its  nutritious  constituents.  i      i  u     +•  +^ 

^  But  the  adulteration  with  water  is  not  the  only  adulteration  to 
which  milk  is  liable  ;  the  large  addition  of  water  frequent  y  made  to  it 
Talters  its  appearance  as  to  cause  it  to  assmne  the  sky-blue  colom  so 
familiar  to  us  i?i  om  schoolboy  days,  and  so  reduces  its  flavour,  that  it 
bromes  necessary  to  have  recourse  to  other  adulteratmg  ^ngredients 
namely,  treacle  or  sw,ar,  to  sweeten  it  •,  salt,  to  bnng  out  the  flavour ; 
and  ™«o,  about  which  we  shaU  have  much  to  say  hereafter,  to 

""^  Further,  there  is  no  question  but  that  chalk  starch ,  and  even  c«f 
matter  have  been  and  al-e  occasionally,  though  rai-ely,  emp  oyed  m  the 
Z^e£on  of  milk,  although  it  has  not  happened  to  om-selves  to  meet 

St'arS  :fd  cereSal  matter  have  been  met  with  at  diflerent  times  by 
btaicn  ana  ^^^"^"^  ,  ,   Professor  Queckett  used  formerly 

rSMSr^ntrmTdebf^^^^^^^ 

showing,  the  presence  of  both  starch  and  cerebral  matter. 

Wkh  regard  to  the  use  of  chalk,  a  manufactm-er  of  presei-ved  mi  k 
receX  informed  us  that  it  sometimes  happened  to  him  to  find  ca^^- 
bonate  onime  or  chalk  at  the  bottom  of  the  dishes  or  pans  on  the 
pvfn-ioration  of  large  quantities  of  London  miili.  . 
There  is  also  good  reason  for  believing  that  fmv»mc  as  well  as 

A  ™actice  frequently  resorted  to,  although  it  is  not  ordinarily  re- 
some  fresh  milk,  subsequently  sold  as  whole  milk. 
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Owiug  to  the  storage  of  milk  iu  vessels  of  lead,  copper  and  zinc,  it 
is  often  contaminated  with  those  metals,  especially  with  the  last 
named. 

An  ingenious  writer,  whos3  name  we  do  not  at  the  present  moment 
i-ememher,  has  considered  the  subject  of  the  supply  of  London  with 
milk  statistically,  and  he  has  arrived  at  the  conclusion  that  the  number 
of  cows  supplving  London  is  not  more  than  sufficient  to  provide  each 
person  with  about  a  tablespoouful  of  milk  per  day.  If  this  statement 
is  correct,  some  idea  may  be  formed  of  the  extent  to  which  water  is 
made  to  do  duty  for  milk. 

Results  of  the  Examination  of  Samples  of  Milk. 

The  results  of  the  examination  of  twenty-six  samples  of  London 
milk,  made  some  time  since,  were — 

That  tioelve  loei'e  genuine,  but  of  these  two  showed  a  deficiencj'  of 
cream. 

That  fourteen  were  adnlt&rated,  the  adulteration  consisting  prin- 
cipally in  the  addition  of  luater,  the  percentages  of  which  ranged  fi'om 
10  to  50  per  cent.,  or  one-half  water. 

The  specific  gravities  of  the  wjj'to  varied  from  1015  to  1030,  of  the 
serums  from  1016  to  1028,  the  cream  fm-nished  ranged  from  2  to  29 
percentag-es,  the  average  being  nearly  10  percentages. 

The  results  of  the  analysis  of  fifteen  samples  of  milk  pm'chased  in 
the  metropolis,  in  1871,  were : — 


Name. 

Specific 
gravity. 

Gravity 

of 
Serum. 

Case- 
in. 

Fat 
or 
butter 

Cream. 

Milk 
sugar. 

Ash. 

Water  Total 
added.' solids 

I 

Standard  sample 

1030 

4-48 

3-13 

8-5 

4-77 

0-60 

none 

12-98 

1  Aylesbury  Daii-y  ) 
Compy.  (lim.)  .  ( 

1032 

1029-5 

4-14 

3-50 

lO-O 

4-f>5 

0-74 

13-36 

2  Express  Country  ) 
Dairy  Compy.  ] 

1030 

1028 

3-41 

3-10 

8-5 

5-20 

0-69 

12-40 

3  Sainsbury  . 

1032 

1030 

4-25 

3-04 

6-0 

5-41 

0-75 

13-45 

4  Milk  store  . 

1029 

3-34 

2-10 

4-5 

2-35 

0-56 

33 

8-35 

•5 

1028 

4-20 

2-30 

5-0 

2-90 

0-80 

25 

10-20 

(> 

1029 

1-60 

3-30 

11-0 

3-69 

0-43 

80 

9-02 

t 

8  "       •  • 

9  "       •  • 

10  "      •  • 

11  "       •  • 

12  "        ■  • 

13  "        •  • 

14  :  : 

16  Shop  in  Clapham 

1028'5 

4-30 

3-50 

10-0 

2-45 

0-65 

21 

10-90 

1028 

1027-1 

3-93 

2-76 

7-5 

3-49 

0-72 

13 

10-90 

122G 

3-50 

2-00 

4-0 

8-90 

0-.50 

16 

9-90 

1225 

3-20 

2-00 

Curdled 

2-80 

0-60 

30 

8-60 

102.5 

1022  ' 

2-06 

2-11 

4-50 

4-09 

0-60 

28 

8-86 

1023-2 

1020-8 

2-12 

2-33 

6-25 

3-99 

0-56 

29 

9-00 

1022 

1020-1 

3-19 

2-00 

4-5 

2-74 

0-57 

31 

8-50 

1019-4 

3-00 

2-00 

4-0 

2-50 

0-40 

37 

7-90 

1012-6 

1011-G 

1-15 

1-05 

2-50 

2-26 

0-30 

61 

4-76 

Samples  4,  5, 6, 7,  9, 10,  and  14  were  likewise  tested  for  cane  sugar. 
Nos.  9  and  10  were  free  from  it,  while  in  4,  5,  6,  7,  and  14,  the  quan- 

E  E  2 
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is  not  uncommonly  practised. 

THE  ADTTLTERATIONS  OF  CKEAM. 

As  was  the  case  witli  milk,  so  witli  cream    One  of  its  principal 
adn^Sns  isUh  water.,  or  rather  we         ed       rnSt iafh^S^ 
Of  course  this  adulteration  is  very  easily  pactised^  *^'^;^^^ 
nothing  further  to  do  than  to  remove,  together  with  the  cream  itselt, 

^  'tZ^  SSSil  S:;^;.  supposing  the  to  ha^ 
turntd  somelat  sour,  a  portion  of  the  cm-d  from  the  fat  con  ained 
in  it  would  raadilv  rise  to  the  surface  and  he  skimmed  ofi  with  the 

SXiS^Srlo  C^;^  are  with 

ledge. 

THE  DETECTION  OF  THE  ADTTLTEBATIONS  OF  MM. 

The  articles  employed  in  the  adulteration  of  milk  and  cream,  the 

the  adulteration  of  milk  ^  itli  v^atei  m^M 

may  he  done  liy  taking  the  specific  gravity  of  either  the  entire 
milk,  skimmed  milk,  or  serum. 
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_  But  since  the  specific  gravity  of  even  genuine  milk  is  subject  to 
wide  ranges,  owing  mainly  to  the  variable  quantities  of  fatty 'matter 
present,  it  is  in  all  cases  better  to  take  the  specific  grnvity  of  either 
the  skim  milk  or  the  senivi. 

.  ^^^}^  already  been  given  (p.  401)  of  the  specific  gravity  of 
.-^kim  milk,  which  was  found  to  range  from  1034-6  to  1038-6,  the  aver- 
age being  1036-3. 

In  the  follovring  table  the  specific  gravity  of  skim  milk  is  given 
containing  exactly  9-4  per  cent,  of  solids  not  fat,  this  being  the  amount 
below  which  genuine  milk  of  even  the  poorest  quality  rarely  if  ever 
tails ;  a,nd  also  the  gravities  of  the  same  milk  adulterated  with  various 
proportions  of  water. 

Tables  showing  the  Adulteration  ofMiTk  xvith  Water,  based  upon  the  Gravitu 

of  the  Skim  Milk.  •' 

TABLE  I. 


Per  cent,  of  Water. 


0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 


Specific  Gravity. 


1030-48 

1028-84 

10-27-36 

1025-72 

1024-12 

10-22-66 

1021-04 

1019-52 

101804 

1016-40 

1014-48 

1013-08 

1011-68 


Difference. 


1-64 

1-48 

1-64 

1-50 

1-56 

1-52 

1-52 

1-48 

1-64 

1-92 

1-60 

1-40 


Total  Solids. 


9-40 

8-93 

8-46 

7-99 

7-52 

7-05 

6-58 

6-11 

5-64 

5-17 

4-70 

4-23 

3-76 


5%  of  water=0-47  solids  not  ftit=0-0235  gram,  if  5  cc.  be  taken. 
5%  of  water=  1-524  specific  gravity= 0-038  gram,  if  25  cc.  be  taken. 

The  original  slrim  milk  had  a  specific  gi-avity  of  1038-2,  and  yielded 

'of  q  ^^""^^^  ^«  t«  the  standard 

■?L  1-*  .'^'^y^^^  ^^^^  d^^t^"^^^  ^ater  in  the  ratio  of  812  to 

188,  this  being  equivalent  to  an  adulteration  of  no  less  than  18-8  per 
-cent.  01  water.  " 

If  the  original  skim  milk  had  been  tak-en  for  the  detennination  of 
fitrJf  Tr'^'^  the  mixtures  of  milk  and  water,  the  foKng 
figures  would  have  been  obtained  :—  ^  ^'o^in^ 
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TABLE  II. 


Per  cent,  of  Water. 


0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 


Specific  Gravity 


1088-20 

1036-29 

1034-38 

1032-47 

1030-56 

1028-65 

1026-74 

1024-83 

1022-92 

1021-01 

1019-10 

1017-19 

1015-28 


It  will  thus  seen  that  the  sped^^^^  oTreaS: 
solids  of  9-4  are  as  a  rule  fe^^^^^^^^^  ,^ 
good  quality  and  such  a^  ar  fu^^^^^^^  ^  ^^^^^ 

almost  invanahly  ol  ^^Bf^^'.  f  ■  of  10-30-48  and  the  sohds 

'^^U;  only  a  cow  in  its  poorest  condition  ^J^^f:^^, 
such  a  low  JuaUty,       the  adoption  ^^^^ 

of  solids  not  fat  would  f,^!'  ^^^.^J^^^^^^  of  the  milk  as 

would  lead  eventually  to  the  ^eno^^^  ^^^P^^  ^      i,er  standard  ought, 

sold  to  the  puhlic  5^™/^§^°^Vtt  Te  lased  upon  an  exceptionally 
therefore  to  he  adopted  and  n^^^^  ^.^^^^^^ 

impoverished  milk,    ^he  ^3'^' so  small  a  proportion  I 

titles  of  water  to  really  rich  mife.       ,    .  ^  ^    taking  the  specificll 
Results  equally  accurate  may  he  ^^^^^^^^^^^^  easily  re-  ] 
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addition  of  saccliariue  matter,  -which  would  cause  the  gravity  to  be 
liigher  and  the  amount  of  solids  greater. 

But  in  the  case  of  whole  milk  there  are  other  sources  of  fallacy  to 
which  reference  to  some  extent  has  abeady  been  nlade,  and  ao-ainst 
which  it  is  necessary  to  guard.  " 

_  Thus  a  milk  may  possess  the  proper  specific  gravity,  and  yet  be  de- 
ficient of  cream,  which  may  have  been  absti-ac'ted  ;  again,  it  may  be 
several  degrees  lighter  than  ordinary,  and  yet  may  be  perfectly  genuine, 
this  arising  from  the  presence  of  au^musual  quantity  of  fatty  matter. 

In  order  to  guard  against  these  fallacies,  therefore,  it  is  ahvays  ne- 
cessary not  only  to  take  the  weiyht  of  the  skim  milli,  but  also  to  measure 
the  quantity  of  cream  or  fat,  or  to  weigh  the  fat. 

The  instruments  by  which  the  weight  of  milk  is  taken  and  the 
cream  measm-ed  have  already  been  described.  These  instnmients  are 
many  of  them  incorrect,  and  it  would  be  a  great  protection  to  the 
public  if  they  were  all  stamped  in  the  same  way  as  weio-hts  are,  as 
a  guarantee  of  their  accuracy.  " 

Another  method  by  which  the  quantity  of  water  may  be  indirectly 
estimated  is  by  determining  quantitatively,  in  the  manner  already 
described,  the  amount  of  solids  not  fat  present. 

Taking  9-4  as  the  amount  of  total  solids  not  fat,  below  which  in 
genmne  milk  of  the  poorest  quality  they  never  fall,  the  followino- 
table  gives  the  proportion  between  the  amount  of  added  Water  and 
the  solids  not  fat  in  a  special  case : — 

Solids  not  fat.  Added  water. 

9-^0  None. 

 10% 

i'^l  20 

III  30 

t'O  50 

ili  70 

 80 

0-94  9^ 

The  formiUa  for  the  above  calculations  is  9-4  :  100  =  «  (amount  of 
solids  not  lat)  :  x  (amount  of  genuine  milk  in  the  sample) 

It  treacle  be  purposely  added  in  the  right  quantities,  then  indeed 

of  ?K  '"'7  '^''^^^^'^  «f  adulteration 

01  milk  with  water  ;  and  if  cane  sugar  were  employed,  the  object  could 
onh  _  be  accomplished  by  the  transformation  of  tlie  su<rar  into  glucose, 
.'l!   "  1  vr>  The  polai-iscope 

Saf^Ltati^''"^'"^^"     alcohol,  would  in  some  Les  aft^Jd 

or  wl^r  ''m^  '^^^^ij^^^^^  ^'i'iition  of  water  has  been  made  to  milk, 
noiJnn       J  !f  J^""/  l^^en  deprived  of  a 

con.nLl  i^cts  are  conclusively  established  by  the 

concurrent  use  of  the  old  and  very  simple  instrmnente,  the  hydro- 
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meter  and  creamometer,  tlie  use  of  which  it  has  "been  too  much  the 
fashion  of  late  to  decry.  By  means  of  these  instruments,  the  former 
applied  to  the  skim  milk,  results  accurate  enough  for  aU  practical 
purposes  may  be-  rapidly  obtained,  and  with  the  expenditiu-e  ot  ex- 
ceediuo'ly  little  time  and  trouble,  whereas  the  quantitative  estuuation 
of  the"  fat  and  total  solids  is  comparatively  tedious  and  difficult,  and 
involves  the  possibility  of  error  in  the  drying  of  the  milk  and  the 
several  weighings  required. 

Hoi-sley's  method— m.  Horsley  judges  mainly  of  the  quality  ot 
milk  by  the  amoimt  of  fat  therein  contained,  and  he  has  devised  a 
very  simple  and  ingenious  method  of  determining  the  same.    He  takes 
250  grains  of  milk,  equal  to  about  an  ordinary  tablespoonful,  pours  it 
into  a  glass  tube,  similar  in  size  and  form  to  a  creamometer,  but 
with  the  addition  of  two  lines,  one  being  the  measure  of  the  2oU 
<.rains  of  milk,  and  the  other  that  of  the  250  grains  of  ether  subse- 
quently added.    To  the  milk  an  equal  bulk  of  methylated  ether  ot 
specific  gravity  0-730  is  added,  and  the  mixture  is  bnskly  shaken  for 
four  or  five  minutes,  wherebv  the  oil  globules  are  broken  up  and  dis- 
solved by  the  ether.    A  similar  quantity  of  methylated  spirit  of  about 
0-838  specific  gravity  is  next  added,  and  the  mixtm-e  again  shaken  lor 
at  least  five  minutes.    The  solvent  power  of  the  ether  for  the  fat  is  thus 
destroyed,  the  fat  collects  on  the  surface  as  pm-e  butter,  and  its  amount 
is  estimated  by  measurement,  one  line  of  ISh.  Horsley  s  instrument 
being  equal  to  4- 1 5  gi-ains  of  butter.   MiUf  of  good  quality,  he  considers, 
should  yield  10  per  cent-,  of  cream,  a  quantity  which  would  usuaUy 
contain  about  3-32  per  cent,  of  butter  fat. 

If  by  this  proceeding  Mr.  Horsley  found  the  fat  reach  the  above 
quantitv,  he  would  as  a  rule  be  satisfied  and  would  pronounce  the 
millc  to"  be  genuine  and  of  good  quality  ;  but  this  conclusion  like  those 
•which  he  condemns,  based  upon  the  results  obtained  by  the  use  ot 
hydrometers  and  creamometers,  would  sometimes  prove  to  be  lallacious, 
since  it  is  a  very  frequent  thing  to  meet  with  mill^s  yielding  10  per 
cent  of  cream  Which  have  yet  been  adulterated  with  large  quantities 
of  water,  nay,  which  may  consist  of  nearly  one-half  water. 

At  the  same  time  that  the  fat  is  separated  and  collects  on  the  sur- 
face, the  casein  is  precipitated,  the  sugar  and  salts  of  the  milk  being 
held  in  solution  in  the  mixture  of  ether  and  alcohol  The  casein  in  a 
state  of  comparative  purity  may  be  readily  sepamted  by  filtration,  and 
its  amoimt  estimated  after  drying.  The  sugar  and  salts  may  like^^se 
be  estimated  by  the  evaporation  of  the  mixed  ether  and  alcohol.  _  But 
then  it  may  be  said  that  the  ordinary  chemical  metbod  of  drying  a 
portion  of  the  milk,  extracting  first  with  ether  and  then  ^^th  dilute 
alcohol,  and  lastly  incinerating,  is  not  more  troublesome  or  dithcult, 
and  gives  results  of  extreme  accm-acy. 

Mr  Horsley  directs  that  the  milk  should  be  shaken  well  for  about 
ten  minutes.  This  seems  simple  enough,  but  anybody  who  adopts  this 
proceeding  will  find  that  his  arms  will  ache  considerably  at  the  end  of 


MILK  AND  ITS  ADULTEKATIONS. 


425 


that  time,  and  it  must  1)6  remembered  that  the  whole  _  success  of  the 
method  depends  upon  the  completeness  of  the  agitation.  We  find 
that  while  this  method  gives  tolerably  accurate  results  for  ordinary 
milks,  it  is  not  well  suited  for  the  examination  of  creams,  it  indicating 
a  far  less  amount  of  fat  than  is  ordinarily  present. 

On  the.  detection  of  suc/rir— The  sugar  used  is  usually  brown 
sugar  or  treacle  ;  the  presence  of  these  may  be  determined  as  follows  : 
—The  casein  and  butter  are  to  be  precipitated  by  means  of  acetic  acid, 
and  the  serum  evaporated,  a  very  gentle  heat  only  being  used,  and  the 
colour  of  the  residue  particularly  noticed ;  if  it  is  darker  than  ordi- 
naiy,  the  presence  of  sugar  may  be  suspected. 

The  residue  may  then  be  dissolved  in  distilled  water.  In  one 
portion  the  sugar  of  milk  is  estimated  in  the  usual  manner  by  means 
of  the  copper  test ;  the  second  is  boiled  with  a  little  dilute  sulphuric 
acid,  as  described  under  the  head  of  '  Sugar,'  in  order  to  convert  the 
cane  and  milk  into  grape  sugar.  This  is  then  in  its  turn  estimated  by 
the  copper  test,  the  difterence  between  the  two  estimations  indicating 
the  amount  of  cane  sugar  present.  But  it  must  be  remembered  that 
milk  sugar  reduces  a  much  larger  proportion  of  the  copper  test  than 
glucose  and  galactose,  the  proportion  being  as  134  is  to  100. 

100  parts  of  grape  sugar  correspond  to  95  parts  of  cane  sugar  and 
to  134  parts  of  milk  sugar. 

K  treacle  be  used,  there  wiU  be  found  a  large  excess  of  both 
grape  and  cane  sugar. 

On  the  detection  of  starch. — For  the  detection  of  starch  in  milk 
and  cream,  the  microscope  furnishes  the  readiest  and  most  certain 
means.  A  little  of  the  milk,  spread  out  in  a  veiy  thin  stratum,  should 
be  examined  under  the  microscope,  the  examination  being  aided  by 
the  use  of  tinctm-e  of  iodine.  Of  course  we  must  not  expect  to  find 
unaltered  starch  corpuscles  in  milk,  the  starch  being  added  in  the  fonu 
of  a  decoction.  For  the  quantitative  determination  of  the  starch, 
which  will  not  often  be  required,  we  may  proceed  as  follows  : — 

20  cc.  of  the  milk  must  first  be  evaporated  to  drjTiess  on  a  water- 
bath.  The  miUc  sugar  must  then  be  removed  by  digestion  with  weak 
alcohol ;  the  residue  dried,  and  from  it  the  fat  must  next  be  separated 
bv  means  of  ether,  and  the  remainder  is  to  be  boiled  for  several  hoiirs 
with  a  few  drops  of  sulphiu-ic  acid  in  order  to  convert  the  stai'ch  into 
grape  sugar,  in  the  manner  already  described  for  the  conversion  of  cane 
sugar  into  glucose.    90  parts  of  starch  yield  100  parts  of  grape  sugar. 

On  the  detection  of  (/wn  ardbic. — The  senim  of  milk  obtained  by 
precipitation  of  the  curd  with  a  little  acetic  acid  is  to  be  treated  with 
a  solution  of  acetate  of  lead ;  the  precipitate  is  collected  on  a  filter, 
washed,  suspended  in  water,  and  the  lead  removed  by  means  of  sul- 
phiu-etted  hydrogen.  The  sulphide  of  lead  is  separated  by  filtration, 
the  filtrate  evaporated,  and  the  residue,  after  drying  and  weighing, 
gives  the  quantity  of  gum. 

On  the  detection  of  gum  tragacardh, — Gum  tragacanth  is  really  a 
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mixture  of  gum  and  starch,  and  each  of  the3e  substances  would  have 
to  be  separately  estimated  by  the  methods  already  described. 

Yoi-  the  detection  of  the  tragacanth  we  are  recommended  to  boil 
the  milk,  and  leave  it  at  rest  for  some  hours,  when  a  gelatinous  trans- 
lucent deposit  will  be  formed,  which,  being  washed  with  a  small  quantity 
of  water  and  tested  Avith  a  few  drops  of  solution  of  iodine,  produces  a 
blue  colour,  because  gum  tragacanth  contains  starch.  The  starch  of 
gum  tragacanth  is  plentiful  and  is  in  the  form  of  starch  corpuscles  ; 
these  are  rather  small,  but  vary  much  in  size;  many  are  irregular, 
some  are  rounded,  others  are  somewhat  polygonal,  while  a  few  are 
muUer-shaped  ;  in  the  more  perfect  grains  a  rounded  hilum  is  dis- 
tinctly visible. 

On  the  detection  of  cerebral  matter. — The  presence  of  cerebral 
matter  in  milk  may  be  determined  with  certainty  by  means  of  the 
microscope,  portions  of  the  nerve  tubules  being  readily  discovered 
with  that  instrument,  as  shown  in  the  engraving  (lig.  132). 


^     Fig.  132. 
Milk  Adulteratrd  with  Sheep's  Brains. 


On  the  detection  of  chalk.— li  the  mill;;  be  diluted  with  water  and 
set  aside  for  some  hours,  part  of  the  challi,  if  present,  will  liave  sub- 
aided  as  a  precipitate,  when  it  may  be  sufficiently  identified  by  its 
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appearance  and  its  effervescence  with  acids.  Or  a  portion  of  the  milk 
mav  be  evaporated  to  dryness,  the  residue  incinerated,  and  the  chaUc 
estimated  from  it  in  the  manner  pointed  out  m  the  articles  on  iea 

and  '  Water.'  .         ■   i     i  -/i  +^ 

On  the  detection  of  carbonate  of  magnesia.— T\n^  lif  ^  been  said  to 
occur  only  in  cream;  it  would  be  detected  by  the  insolubility  of  the 
ash  in  water,  its  effervescence  on  the  addition  of  an  acid,  and  lastly  by 
the  crvstalline  precipitate  which  is  thrown  down  from  its  solution  in 
hydi-ochloric  acid  on  the  addition  of  a  solution  contaimn-  ammonia, 
chloride  of  ammonium,  and  phosphate  of  soda. 

On  the  detection  ofsalt—Thti  saline  taste  of  the  ash  wiU  show  the 
presence  of  salt  if  that  substance  has  been  employed.  This  must  be 
determined  from  the  ash  by  the  process  described  under  '  \Vater. 

On  the  detection  of  lead,  copper  and  smc— Since  milk  is  not  un- 
frequently  contaminated  Avith  these  metals,  the  analyst  may  be  called 
upon  to  determine  whether  they  are  present,  and  especially  zinc,  or 
not.  The  methods  for  the  detection  and  estimation  of  the  two  former 
of  these  metals  will  be  found  given  under  the  heads  of  '  Water '  and 
'  Bread.'  .  „ 

The  presence  of  zinc  may  be  detected  in  the  solution  ot  the  ash  ot 
the  milk  in  hydrochloric  acid  by  rendering  it  alkaline  with  caustic 
potash,  filtering,  and  adding  a  few  drops  of  a  solution  of  sidphiu-etted 
hydrog-en  to  the  filtrate.  A  white  precipitate,  consisting-  of  sulphide 
of  zinc,  will  prove  the  presence  of  that  metal,  and  from  the  weight  of 
the  precipitate  its  amount  may  be  determined.    See  '  Vinegar.' 

On  the  detection  of  annatto.—The  presence  of  annatto  is  rendered 
probable  when  the  milk,  evaporated  down  to  a  small  quantity,  presents 
a  reddish  or  orange-red  colour  ;  if  this  colour  is  materially  altered  on 
the  addition  of  an  alkali  or  an  acid  to  the  milk,  being  rendered  pur- 
plish by  the  one  and  of  a  brighter  red  by  the  other,  its  presence  is 
certain.  Lastly,  by  means  of  alcohol,  the  colouring  matter  may  be 
dissolved  out  of  the  soft  residue  of  the  evaporated  milk,  and  the  effects 
of  the  reagents  mentioned  tried  upon  the  alcoholic  extract. 

On  the  detection  of  turmeric— If  turmeric  has  been  used  in  sub- 
stance to  colom'  milk," it  would  be  possible  to  detect  the  tmmeric  cells. 
However,  it  is  best  to  proceed  by  the  method  indicated  for  the  discovery 
of  annatto.  The  chief  difference  is  that  the  tmrneric  is  rendered  deep 
'brown  by  alkalies. 

It  is  of  course  rarely,  if  ever,  necessary  to  examine  milk  for  more 
than  two  or  three  of  the  articles  above  emuiierated.  In  general  it  is 
sufficient  to  detei-mine  whether  water,  the  ordinary  adulteration  of  milk, 
has  been  added  or  not. 

TICG  DETECTIOIT  OP  XHH  ADTJXTERATIONS  OP  CREAM. 

Sufficient  has  already  been  said  under  the  heads  of  the  analysis  of 
milk  and  the  detection  of  its  adulterations  to  enable  the  analyst  to 
detect  and  estimate  all  the  known  adulterations  of  cream. 
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CHAPTER  XIX. 
BUTTER  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Anv  foreign  substance,  as  tbe  fat  of  beef,  mutton,  or  pork  ;  flour,  starch,  or 
anv  mineral  matter  other  than  sah,  which  should  not  exceed  4  per  cent,  m  fresh 
and  8  per  cent,  in  salt  butter;  curd,  which  should  not  exceed  4  per  cent.  ;  and 
water,  which  should  not  be  more  than  12  per  cent. 

As  tlie  method  of  making  batter  may  not  be  known  to  many  of  the 
readers  of  this  report,  we  will  proceed,  before  entering  npon  the  con- 
sideration of  its  adulterations,  to  give  a  very  brief  outline  oi  the 
manner  in  which  butter  is  usually  prepared.  •     n    .  j 

Butter  is  made  for  the  most  part  from  cream  ;  the  cream  iscoUected 
from  time  to  time,  and  placed  in  a  covered  jar,  until  sufficient  has  been 
obtained,  when,  having  become  som-  by  keeping,  it  is  submitted  to  the 

■process  of  churning.  .  .     ^  ^  „„,i 

Butter  is  also  prepai-ed  in  small  quantities  from  sweet  cream  and 
this  land  is  esteemed  a  great  delicacy.  _  Very  exceUent  butter  is  like- 
wise sometimes  made  from  full  or  entire  milk  ;  the  disadvantages  of 
this  method  are-the  large  quantity  of  flmd  to  be  acted  on  bj-  the 
churn,  which  renders  it  necessary  that  steam  or  some  other  powerful 
mechanical  means  should  be  had  recourse  to,  and  the  length  of  time 
which  elapses  before  the  butter  forms.  ^nrl 
■    As  soon  as  the  butter  has  formed,  it  is  removed  from  the  chmn,  and 
well  washed  in  water,  it  being  Imeaded  at  the  same  time  ^t^l^^  "lu^^^ 
as  possible  of  the  adherent  and  incorporated  whey  is  yjf^o^^J^  tj^is  is 
known  by  the  water  ceasing  to  become  tm-bid  and  milky.  If  ."^te^^^ed 
for  salt  butter,  the  salt  should  be  added  as  soon  as  possible  after 
churnTng  and  washing,  as,  left  for  any  length  of  time,  the  butter  is  apt 
to  become  rancid.    Great  attention  shoidd  be  paid  to  the  quahty  of 
sali  uBTd;  the  best  descriptions  are  rock  salt  and  that  prepared 
from  salt  spiigs.    Sea  salt,  generally,  is  not  so  gpod,  on  account  of 
fhe  presence  of  sulphate  of  magnesia,  which  renders  it  somewhat  bit  er, 
as  well  as  of  chloride  of  calcium,  which  has  a  strong  affinity  for  water, 
oiTon  n  t-tractino-  it  from  the  atmosphere.  _ 

It  Wd  be  out  of  place  in  this  report  to  enter  into  the  pmctical 
minutirof  butter-maldnisuch  as  the  tempemtm^e  at  which  the  cream 
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or  milk  should  be  cliumed,  the  best  Muds  of  cliurn,  tlie  metbods  of 
cIiLiruiug,  &c.,  all  points  of  tbe  greatest  importance  for  the  agricultu- 
i  ralist  and  tbe  dairyman, 

COMPOSITION  OF  BTJTXER. 

Butter  consists  of  tbe  glycerides  of  c&vt&m  fatty  acids,  principally  of 
'Stearic,  palmitic,  aud  oleic  acids,  witb  smaller  quautities  of  butyric, 
capric,  caproic,  and  caprylic  acids;  these  latter  are  all  distinguished 
:fi-om  the  former  acids  by  their  volatility.  According  to  the  analysis 
lof  Bromeis,  they  amount  to  only  2  per  cent.,  they  being  embraced  by 
rthat  chemist  in  the  term  'butjToleic  acid.'  But  Messrs.  Angell  and 
IHehnerhave  proved,  as  will  be  shown  hereafter,  that  these  "volatile 
sacids  are  present  in  much  larger  quantities,  amounting  on  an  average 
tto  9-3  per  cent.  ° 

The  true  melting  point  of  butter,  taken  in  the  manner  described 
hhereafter,  we  found  to  range  from  32-8  to  34-9,  the  mean  of  aU  the 
-observations  made  being  33*7°  0. 

The  oily  or  buttery  part  exists  in  milk  in  the  form  of  innumerable 
vveiT  distinct  globules,  of  various  sizes.  The  effect  produced  by 
ochm-ning  is  to  break  down  these  globules,  which  then  run  together,  and 
•jhus  form  butter.  The  operation  of  the  chm-n  is  therefore  chieHy  if 
Luot  entirely,  mechanical.  ' ' 

THE  AK-ALXSIS  OP  BTJTTER. 
The  analysis  of  butter  is  very  nearly  the  same  as  that  of  milk  since 
li  t  contains  for  the  most  part  the  like  constituents,  althouo-h  in  very 
;ilittei-ent  proportions.  It  is,  therefore,  not  necessary  to  enter  into  anV 
^engthy  details  on  the  subject.  The  water  is  to  be  estimated  by  the 
oss  on  evaporation,  the  fat  by  extraction  with  ether ;  the  cm-d  and  salt 
-.re  left  on  the  removal  of  the  fat ;  the  quantity  of  the  former  may  be 
estimated  by  incineration,  and  the  mineral  matter  remainiuo-  maybe 
^Iculated  as  salt,  of  which  if  usually  almost  entu-ely  consists" 

Butter,  when  fresh  is  of  a  yeUowish  coloiu-,  having  a  pecidiar  and 
■.ihai-actenstic  sweet  odour,  but  when  exposed  for  a  long  time  to  the 
:ir  It  loses  gradually  its  colour,  becomes  white,  and  acquires  a  tallowy 
^.Jdour,  which  was  at  one  time  considered  to  be  characteristic  of  beef 
auutton,  and  other  analogous  fats;  and  samples  of  perfectly  genuinJ 
gutter,  when  thus  changed  m  colom-  and  odoiu-,have  unquestionably  in 
tmny  cases  been  declared  to  be  adulterated.  In  fact,  by  many  analysts 
1  e  taUowy  sniell  was  considered  to  afford  a  conclusive  proof  of  the 
dulteration  of  any  butter  with  some  foreign  animal  fat. 

THE  OCCTJREENCE  OP  CRYSTALS  I]Sr  BtTTTER. 

..rv?./'  IP  generally  believed  that  the  occm-rence  of  needle-Uke 
...rjstals,  often  an-anged  m  the  form  of  spherules  or  stell*,  is  a  cer- 
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tain  proof  of  the  adulteration  of  ljutter  and  of  the  presence  of  lard 
or  some  other  foreign  animal  fat.  This  belief,  however,  is  entn-ely 
erroneous;  and  although  no  crystals  are  found  in  freshly-made  hutter, 
yet  they  appear  in  it  if  kept  for  any  length  of  time,  and  they  are 
especially  ahundant  in  all  butters  which  have  been  fused  and  allowed 
aouin  to  solidify.  On  the  surface  of  all  such  birtters  a  shmy  scmn  or 
pellicle  maybe  seen,  composed  in  part  of  such  crystals,  which 

are  lil^ewise  to  be  found  abvmdantly  diflused  throughout  the  whole 
mass  of  the  butter.  Again,  they  are  frequently  met  witli  in  great 
Tmbers  in  cream.  The?  polarise  light.  Messrs  Angell  and  Hehner 
make  the  following  remarks  in  reference  to  crystals  in  butter  :— it  a 
small  quantity  of  a  fat  containing  crystals  be  placed  upon  a  shde,  a 
;C  of  castor  or  olive  oil  be  added,  and  the  whole  then  pressed  out  by 
means  of  a  thin  glass  cover,  the  depolarisation  of  light  is  much  en- 
hanced A  revolving  black  cross,  not  unlilce  that  of  starch  grains  is 
seen  in'gi-eat  perfection.  These  crosses  are  most  clearly  defaned  m  the 
crvstals  obtained  from  butter.  ,  .  ,        ^      f  -n  > 

Dr  Campbell  Brown,  in  his  essay  on  the  '  Adulteration  of  Butter, 
remarks— '  A  microscopic  examination  with  polarised  light  is  the 
mSt  reliable  means  of  distinguishing  piire  butter  l^om  th^  jlnc^^ 
contains  an  admixture  of  less  easily  digestible  and  palatable  fats.  But 
this  statement,  as  we  have  seen,  is  erroneous. 

THE  ADULTERATIONS  OE  BUTTEK. 

Adulteration  loith  rvater.-One  of  the  most  frequent  practices  had 
recourse  to  in  the  case  of  butter  is  to  incorporate  wi  h  it_  large  quan- 
itSs  oi  water  ;  the  incorporation  is  effected  in  the  following  manner  : 
the  butter  is  brought  to  the  melting  point,  water  and  salt  are  then 
stirred  in  until  the  mixtiu-e  becomes  cold. 

In  iSei-ence  to  the  adulteration  of  butter  with  water  and  salt,  Pro- 
fp.sor  Calveit  in  his  evidence  before  the  Parliamentary  Committee  on 
tdidterSon  in  1855,  made  these  remarks:-'  The  quantit^y  ot  water 
Adulteiat  on  m  i      ,  ^  ^^^^^^^     2^  per  cent. 

:f  salt  amf  10  water.     In  the  butter  supplied  to  these 

Unions  ?he  quanW  of  salt  varied  from  2  up  to  14  per  cent.,  and  the 

"'t'^X- w7otet  some  tune  since,  stating  that  50  per 
^]Z£S^ith  c.nZ.- Again,  butter  has  been  known  to  be  adul- 
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1  teratecl  sometimes  with  curd.  This  adulteration  is  particularly  meu- 
itioiied  hy  Sir  John  Gordon,  mayor  of  Cork,  in  his  evidence  belore  the 
■Parliameutarv  (Committee  above  referred  to.  .  • 
Adulteration  tvith  cmimal  /■«;;.— Lastly,  animal  fats  are  not  uu- 
t  frequently  employed,  as  the  fat  of  beef,  mutton,  veal,  lard,  &c. 

Beef  fat  is  sometimes  prepared  on  a  large  scale  and  made  up  in 
imitation  of  butter,  being  known  and  sold  under  the  name  of  Buttenne. 
This  article  is  mainly  the  olein  of  the  fat,  with  only  a  small  propor- 
tion of  the  stearin.  When  freshly  prepared  it  is  sweet  and  palatable, 
and  beino-  sold  at  a  much  lower  price  than  butter  itself,  it  is  m  some 
,  cases  a  useful  substitute ;  but  it  is  to  be  feared  that  such  a  preparation 
would  be  used  in  some  cases  for  the  adulteration  of  butter. 


Results  of  the  Examination  of  Samples. 

The  examination  of  forty-eight  diflPerent  butters,  both  salt  and 
fresh,  made  some  years  since,  and  published  in  the  Report  of  the 
Analytical  Sanitary"' Commission  of  the  'Lancet'  on  the  adulteration 
of  butter,  fiu-nished  the  following  results  :— 

All  the  salt  butters  examined  contained  variable  and  usually  very 
large  quantities  of  jvater,  the  amount  ranging,  with  one  exception, 
from  8-48  to  28-60  per  cent. 

The  fresh  hutters  likewise  contained  variable  and  often  considerable 
quantities  of  ivater,  but  in  most  cases  very  much  less  than  the  salt 
butters,  the  quantities  ranging  from  4-18  to  15-43  per  cent. 

The  quantity  of  salt  contained  in  the  salt  hutteis  varied  from  l_-53 
to  8-24  per  cent.,  showing  that  no  fixed  rule  is  acted  upon  in  salting 
butter. 

Li  l]x% fresh  huUers  the  salt  varied  fi-om  0-30  to  2-91  percent. 

The  percentages  of  butter  fat  contained  in  the  samples  ranged  from 
67-72  to  96-93  ;  that  is,  some  of  the  samples  contained  20,  30,  and  in 
one  case  even  nearly  35  per  cent,  of  water  and  salt. 

Now  the  presence  of  water  in  butter,  in  excess  and  when  pm-posely 
introduced,  assm-edly  constitutes  an  adulteration  as  much  as  does  the 
addition  of  starch  or  animal  fats. 

To  many  of  the  samples  of  salt  butter  examined,  a  quantity  of  salt 
over  and  above  the  amount  necessary  to  ensm-e  the  preservation  of  the 
butter  had  no  doubt  been  pm-posely  added  to  increase  the  weight  and 
bulk ;  in  fact,  for  the  sake  of  adulteration. 

It  is  equally  certain  that  much  of  the  water  met  with  in  many  of 
the  samples  had  been  added  for  the  same  purpose.  The  quantity  of 
water  present  in  some  inferior  descriptions  of  butter,  as  especially  Bosh 
and  the  worst  kinds  of  '  Hollands,'  is  reaUy  sm-prising,  amounting  in 
some  cases  to  more  than  a  third  of  the  article. 

The  samples  of  which  the  analyses  are  given  in  the  following  table 
were  recently  analysed  for  the  purpose  of  detei-mining  the  percentage 
composition  of  butters  as  ordinarily  met  with,  and  very  many  of  which 
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it  was  known  beforeliand,  from  the  sources  from  wliich  they  were 
obtained,  were  perfectly  genuine.  It  must  not,  therefore,  be  concluded 
.that  these  analyses  represent  the  condition  of  the  butters  sold  in 
London  and  other  populous  cities.  With  three  exceptions  they  were 
all  fresh  butters,  which  are  much  less  liable  to  adulteration  than  salt 
butters : — 

Table  of  Analyses  of  Butter. 


Water  . 
Fat 

Curd  . 
Salt 

Hassall. 

Fresh  Isle  of  Wight  Butters.  j 

lG-80* 
77-64 
1-89 
3-(j7 

11-68 
84-97 

1-  18 

2-  17 

13-6-2* 
83-97 
1-54 
0-87 

13-68* 
82-30 
242 
1-60 

16-92* 
80-07 
0-52 
2-49 

U-39 

85-29  ' 
1-75  1 
1-57  1 

1 

Water  . 
Fat 

Curd  . 
Salt 

Angell  and  Hehuer. 

Isle  of 
Wight. 

Isle  o£ 
Wight. 

Isle  of 
Wight. 

Sussex. 

Jersey. 

Nor- 
mandy. 

9-709 
84-740 
3-462 
2-085 

10-063 
86-466 
2-799 
0-672 

12-984* 
83-871 
2-721 
0424 

11-168 
83-683 
3-143 
2-006 

6-463 
89-480 
2-459 
1-598 

9-305* 
84-643 
5-137 
2-915 

Angell  and  Hehner. 

Isle  of 
Wight. 

Isle  of 
Wight. 

Guild- 
ford. 

Win- 
chester. 

Win- 
chester. 

London. 

London. 

Water 
Fat  . 
Curd  . 
Salt  . 

9-193 
84-680 

2-  917 

3-  210 

7-683 
88-449 
1-908 
1-960 

8-580 
85-480 

2-  789 

3-  151 

6-370 
90-197 
1-611 
1-822 

8-615 
87-223 
2-064 
2-108 

23-981* 
67-580 
6-880 
1-559 

4-2-358* 
47-119 
7-834 
2-689 

Water 

Fat  .... 

Curd. 

Salt  

 —  

Salt  Butters. 

Hassall. 

Angell  and  Hehner. 

Jersey. 

Yentnor. 

G-50 
85-38 
2-84 
5-28 

10-445* 
78-491 
2-536 
8-328 

3-831*1 
86-280 
3-289 
6-600 

*i  This  butter  hod  nearly  the 
furnished  92-87  per  ceut.  of  fatty 
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Butterine.*' 


Water 
Fat  . 

Nitrogenous  matter  . 
Salt  .      .      .  . 


5-838 
92-776 
0-535 
0-831 


If  the  reader  -mil  now  refer  to  the  definition  of  the  adulteration  of 
butter  given  which  forms  the  first  paragraph  of  this  article,  he  will  be 
enabled  to  determine  for  himself  which  of  the  samples  were  adulterated 
and  in.  what  manner.  For  greater  convenience,  however,  we  have 
distingiushed  all  the  adulterated  butters  by  an  asterisk. 

Two  samples  of  butter  from  Portsmouth,  recently  submitted  to  us 
for  analysis,  and  which  were  the  subject  of  a  successful  prosecution,  were 
found  to"  have  the  following  melting  points,  37-7°  and  37-5°  0.  These 
fusing  points  were  sufiicient  to  establish  the  fact  of  the  adulteration  of 
these  butters  with  a  considerable  propoi-tion  of  foreign  fatty  matter, 
but  the  second  butter  was  also  tested  by  Angell  and  Hehner's  method, 
and  was  foimd  to  yield  89-9  per  cent,  of  fatty  acids,  equivalent  to  38 
per  cent,  of  adulteration. 

There  is  a  practice  rather  extensively  adopted  of  maldng  a  so-called 
fresh  from  salt  butter ;  although  this  is  not  an  adulteration,  it  is  yet  a 
deception.  The  process  by  which  the  transformation  is  effected  is 
rather  ingenious  and  somewhat  amusing. 

Salt  butter  of  very  inferior  quality  is  repeatedly  washed  with  water 
in  order  to  free  it  fi-om  the  salt.  This  being  accomplished,  the  next 
process  is  to  wash  it  frequently  with  miUi,  and  then  to  add  a  small 
quantity  of  sugar. 

Perceiving,  then,  to  what  an  extent  salt  butter  is  adulterated,  with 
both  water  and  excess  of  salt,  we  very  much  doubt  whether  any 
saving  is  effected  by  the  use  of  this  description  of  butter ;  although 
nominally  cheaper,  it  is  questionable  whether  it  be  not  really  dearer  in 
the  end. 


THE  DEXECTION  OF  THE  ADTJXTEEATIONS  OF  BUTTER. 

The  chief  adulterations  of  butter  are  with  water,  starch,  excess  of 
salt,  and  animal  fats. 

On  the  estimation  of  loater. — After  being  churned,  butter  is  kneaded 
in  water  in  order  to  get  rid  of  the  whey  with  which  it  is  incorporated ; 
the  adoption  of  this  process  accounts  for  the  presence  of  a  small  quan- 
tity of  water  in  butter  only. 
"  There  are  two  methods  by  which  the  quantity  of  water  in  butter 

The  reason  of  its  having  the  same  melting  point  as  butter  arises  from  the  fact 
that  the  foreign  fat  consisted  chiefly  of  olein. 

*i  This  butter  had  a  melting  point  of  29-5°  C,.and  furnished  nearly  95-5  per 
cent,  of  fatty  acids,  proving  that  it  consisted  almost  entirely  of  fdndgn  fet,  princi- 
pally olein,  as  shown  by  the  fusing  point. 
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may  be  determined  ;  one  simple  and  popular,  the  other  more  scientific 

^°'^Krsfmethod.-A  fair  sample  of  the  butter  should  he  taken  from 
the  centre  of  the  piece  or  lump,  as  near  the  sui-face  part  of  the  water 
mlu  have  escaped.  It  is  to  he  melted,  and  a  holtle  filled  with  it. 
This  is  to  he  placed,  for  half  an  horn-  or  so,  near  the  fire  ;  the  water 
and  salt  will  become  separated  from  the  butier,_  and  sink  on  account  of 
Seir  oreater  weight  or  specific  gi-avity.  Owin^  to  the  water  being 
mSedVth  alittle  whey,  it  usually  presents  a  white  and  milky  appear- 
ance vrry  distinct  from  that  of  the  butter  itself  which_ floats  upon  t, 
and  which  is  more  or  less  yellow  ;  the  quantity  of  water  is  then  roughly 
esWted  by  noticing  the  height  it  reaches  up  the  bottle.  In  some 
caseT  it  will  be_  found  that  the  water  constitutes  a  fourth  and  even  a 

SefoS.'meS.-3  or  4  grammes  of  the  butter,  taken  from  near 
the  centre  of  the  piece,  must  be  placed  in  a  small  glass  or  porcelain 
dish  01  capsule,  over  a  water-bath,  imtil  they  cease  to  lose  weight;  the 
butter  and  the' capsule  must  then  be  weighed,  and  the  weight  of  the 
capsule  deducted  ;  the  deficiency  on  the  origmal  quantity  taken  repre- 
sents the  amount  of  water  contained  m  the  butter. 

It  is  possible  that  in  some  cases  the  question  might  arise  as  to 

whether  the  fluid  separated  on  melting  butter,  consists  of  wa.er  or 

whev  or  of  both  mixed  ;  this  point  may  be  determined  approximately 

^  fli^rL  tliP  snecitic  a'ravityf  or,  more  precisely,  by  estimating  the 
by  taln^g /lie  specm^^  ^         1  ^^^^^^^ 

amount  of  sugar  ot  milK  piesenx  m  lue  n^ux  ^  thousand 

cesses  described  in  the  articles  on  '  Sugar  and  Milk.  One  tliousana 
Sarts  of  whey  usually  contain  about  fifty  parts  of  sugar  of  imlk. 
^  oT the  detection  and  estimation  of  starch.-St^vch  m  butter  maybe 
reacS;  St  ctlta^  its  amount  estimated..  For  its  detection  nothing 
more  is  necessaiy  than  to  examine  a  minute  portion  of  the  butter 
Sread  outTn  the^thinnest  possible  layer,  and  covered  with  a  plate  of 
th  n  oCs  with  a  half  or  quarter-inch  object  glass,  tinctme  ot  lodme 
tlim  8!f employed  at  the  same  time.  The  starch  will  be 
being  !^  .^^'f.^^^X  tHor^^  the  granules  or  by  the  action  of  iodine. 
'''Testimie  q^^^^^^^^  folloVng  proceeding  may  be  adopted : 
_A  Its  quant^v  of  butter  is  taken,  cW,  and  the  fat.removed  by 
meirof  etlei-  and  the  starch  in  the  residue  is  converted  mto  glucose 

in  the  — -.^--^tf 'a  w'hed  poXn  of  the  butter  must 
by  Sns  of  nitrate  of  silver.    In  general  the  whole  of  tiie  ash  of  salt 

T^tlz^r^^  weighed  quantity  of  the  butter  is  ^^ed 
nn  tbfwater-bath  and  the  fat  removed  by  means  of  ether,  the  residue 
conttiC  fo   the  most  part,  of  casein  and  salt.    It  is  incinerated, 
ToTZ  loss  of  weioht  will  represent  the  amount  of  casern. 

5  Starch  be  present  at  the  same  time,  it  will  remam  with  and  be 
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.  calciUated  as  casein.  It  sliould  therefore  be  estimated  ly  conversion 
.  into  glucose  in  another  portion  of  the  butter,  and  the  amount  sub- 
;.tracted  from  the  amount  of  combustible  substances  found  in  the  first 
^experiment. 


THE  DEXECTIOK  AND  ESXIMATION  OF  FOEEIGK  FATS. 

Nearly  the  whole  of  the  following  matter,  having  reference  to  the 
^separation  of  the  stearin  and  palmitin  from  the  olein  and  the  deter- 
;mination  of  the  fusing  points  of  fats,  was  first  published  in  '  Food, 
\Water,  and  Air,'  for  November  1874. 

The  difiiculties  attending  the  detection  of  animal  fats  in  butter  are 
^  very  great,  and  have  hitherto  been  deemed  by  many  to  be  insuperable ; 
;  indeed,  this  latter  opinion  has  been  distinctly  and  recently  advanced 
bby  Professor  Voelcker  and  Mr.  Wauklyn  in  their  evidence  before  the 
IParliamentary  Conuuittee  on  Adulteration,  which  has  so  lately  had 
:the  subject  of  the  adulteration  of  food  under  investigation.  Thus 
IProfessor  Voelcker,  in  reply  to  the  question,  '  Is  it  very  difficult  to 

distinguish  between  butter  fat  and  other  sorts  of  fat  ?  '  Temarked,  '  I 
..do  not  know  of  any  very  decided  test  whereby  you  can  distinguish  the 

olein  and  other  simple  fatty  substances  of  butter  from_  other  fats, 
-therefore  I  am  somewhat  astonished  that  analytical  chemists  can  give 
>so  positive  a  statement  with  regard  to  the  adulteration  of  butter  fats.' 
\While  Mr.  Wanldjm,  in  reply  to  the  question,  '  How  is  it  that 
■.prosecutions  of  butter  have  failed  under  this  Act,  do  you  imagine  ?  ' 
^said,  'They  have  failed  because  there  is  no  method  for  ascertaining 
tthe  presence  of  foreign  fat  in  butter  ;'  and  when  asked  if  he  had  heard 
tthe  e^-idence  given  by  Dr.  Hassall,  he  said  he  had,  and  when  the 
■chau-man  remarked,  he  (Dr.  Hassall)  says  that  there  is  no  difficulty, 
''Mr.  Wanklyn  replied, '  I  believe  that  he  is  labouring  under  a  mistake; '  - 
..and  again, 'when  the  chairman  observed,  '  Then  you  think  that  Dr. 
Woelcker  is  right  and  Dr.  Hassall  is  wrong?'  he  said,  'I  have  no 
(  doubt  whatever  upon  this  subject.'    And  lastly,  in  answer  to  further 

questions,  Jklr.  WankljTi  again  emphatically  stated  that  '  there  are  no 
Umstworthy  chemical  tests  for  foreign  fats  in  butter.'  When  the  chair- 
iman  observed,  'You  have  no  doubt  about  it?'  he  answered,  'I 
\  have  no  doubt  whatever  about  it,  and  I  would  undertake  to  prepare 

for  Dr.  Hassall  samples  of  foreign  fats  that  he  would  mistake  for 

butter,  or  to  give  him  a  set  of  samples  of  butter  and  other  fats,  and  he 
■>  would  certainly  not  distinguish  them.' 

The  evidence  which  the  author  gave  on  this  subject  followed  that 

of  Professor  Voelcker,  and  preceded  that  of  Mr.  Wanklyn,  and  was  as 
:  follows : — '  A  statement  was  made  by  Dr.  Voelcker  in  his  evidence 
.  given  before  this  Committee  a  few  days  since,  that  there  were  no  tests 
>  whereby  the  admixtm-e  of  other  fats  with  the  fat  of  butter  could  be 
c  detected  and  determined ;  to  that  statement  I  deinm\  I  may  say  more 
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than  that,  there  are  tests  whereby  the  adulteration  of  butter  with 
animal  and  vegetable  fats  may  be  accurately  determined,  and  I  be<r 
now  to  hand  in  a  short  statement  of  a  method  of  analysis  of  butter,  .1 
my  own  method,  but  that  of  an  assistant  and  pupil  of  mine,  Mr.  Otto 
Hehner,  and  Mr.  A.  Angell.'  .    ,  ^ 

When  it  is  remembered  that  the  vanous  animal  and  vegetable  tats, 
such  as  beef  and  mutton  fat,  resemble  butter  in  being  composed  mainly 
of  stearin,  palmitin,  and  olein  in  variable  proportions,  it  cannot  be 
wondered  at  that  the  difficulty  of  determining  the  presence  in  butter 
of  these  and  other  analogous  fats  has  been  deemed  to  be  ahnost  insu- 
perable. Putting  aside  for  the  moment  the  fact  of  the  presence  in 
butter  of  the  volatile  fatty  acids,  the  only  difference  which  remains 
between  butter  and  most  other  animal  and  vegetable  fats  consists  lu 
the  proportions,  which  vary  in  the  case  of  each  fat,  of  the  glycerides 
of  the  several  fixed  fatty  acids  before-named. 

Now  it  might  be  tlaought  by  some,  at  first  sight,_  to  be  an  easy 
matter  to  determine  the  relative  proportions  contained  in  different  fats 
of  stearin,  pahuitiu,  and  olein,  and  in  this  way  to  arrive  at  a  satis- 
factory conclusion  as  to  the  presence  of  foreign  fats  in  butter,  but  in 
reality  the  task  is  one  of  extreme  difficidty,  in  fact,  one  which  we  have 
found  to  be,  in  the  attempts  which  we  have  hitherto  made,  msur- 

mountable.  -vxt  n  u.  4-  j 

Separation  of  stearin  and  pahmtin  from  olein.— \\e  first  attemptea 
to  separate  the  stearin  and  pahnitin  of  butter  firom  the  olein  by 
deposition  from  an  ethereal  solution.  ,  f 

One  gramme  of  butter,  dissolved  in  6  gi-ammes  of  hot  ether,  tm- 
nished  no  deposit  when  cooled  in  water  to  18-3°  0. 

Mutton  caul  fat  and  ether  in  the  same  proportions  gave  a  con- 
siderable deposit.  ,      n  1.  X    1    1  4.„ 

One  part  of  mutton  caul  fat  reqmred  15  parts  of  hot  absolute 

alcohol  for  complete  solution.  ,    ,  ,       n  • 

A  mixture  of  equal  parts  of  ether  and  alcohol,  used  m  the  propor- 
tion of  1  to  6,  yielded  a  deposit  with  both  butter  and  mutton  caul  lat. 

One  gi-amme  of  a  mixtm-e  of  2  parts  of  butter  and  1  part  of  stearin, 
dissolved  in  6  parts  of  ether,  fiu-nished  0-31  gi-amme  of  deposit,  equal 
to  nearly  the  original  amount  of  stearin  used.  _  ^  i    i  1 

One  gramme  of  mutton  caul  fat,  dissolved  int  he  mixtm-e  ot  alcohol 
and  ether,  deposited  0-47  gramme  of  stearin.  ^ 

One  gramme  of  the  following  fats,  dissolved  in  3  grammes  of  ether, 
furnished  the  subjoined  results  : — 

Butter  None. 


Ox  kidney  fat 
Ox  caul  fat 
Pig  kidney 
Pig  caul 
Mutton  caul 
Lard 
Dripping 


0-174  steaiin 
0-389 
0-217 
0-2.B7 
0-222 
0-212 
0-2-25 
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A  mixture  of  1  paxt  of  diipping  and  2  parts  of  butter  did  not  fur- 
nnisli  any  deposit.  , 

Tlie  ethereal  solutions  in  these  experiments  were  all  brought  to  a 
tftemperatiu-e  of  IS-S'^C. 

Three  butters  dissolved  in  three  parts  of  ether,  and  placed  in  a 
prefrigerator  containing  ice,  fiimished  the  following  percentages  of 

ddeposit :—  ,  i  o 

I  11-2  per  cent. 


7-8 
6-5 


While  5  different  fats,  treated  in  the  same  manner,  furnished  the 
fifoUowing  much  larger  quantities : 


Mutton  kidney 
Mutton  caul  . 
Ox  kidney' 
Ox  caul 
Lard 

Mutton  dripping 


53*6  per  cent. 

48-  7 

39-8  „ 

49-  3 
21-8 
27-7 


One  part  of  7  samples  of  butter,  dissolved  in  3  parts  of  ether,  and 
cooled  down  in  a  refrigerator  with  ice,  fiu-nished  the  following  deposits, 
;  these  being  the  aggregate  of  five  difierent  operations  of  cooling,  extend- 
ing over  about  60  houi's. 


62-55  per  cent,  deposit. 

60-85  „ 

35-50  „ 

49-25  „ 

51-95  „ 

49-30  „ 
46-55 


The  amount  of  the  first  deposit  obtained  was  found  to  vary  with 
tthe  length  of  time  during  which  the  butter  was  allowed  to  remain  in 
tthe  refrigerator,  the  deposit,  as  a  rule,  being  greater  the  longer  the 
]  period. 

Another  series  of  experiments  was  made  with  a  view  to  determine 
:the  proportion  of  olein  present  in  butter  and  other  fats,  and  in  these 
;  alcohol  was  used  as  the  solvent,  in  the  proportion  of  40  grammes  of  fat 
tto  1,000  cc.  of  absolute  alcohol,  the  mixtm'e  being  cooled  down,  as 
I  usual,  for  about  twelve  hours  in  the  refrigerator. 

Butter  1    .      .      .      .      32-10  per  cent,  olein. 


2 
3 
4 
5 
6 
7 

Mutton  caul  fat 
Lamb  caul  fat 
Beef  kidney 


32-  62 
36-59 
34-87 
38-82 

33-  59 
36-94 
25-83 
25-15 
30-08 
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The  specific  gravity  of  tlie  olein,  at  15-5°  C,  thus  obtained  from  the 
butters  was,  in  three  cases,  0-9148,  0-9126,  and  0-9134,  whilst  the 
specific  gravity  of  olein  from  olive  oil  was  0-9114.  The  specific 
gravity  of  the  stearin  simultaneously  obtained  from  the  butters  was 
0-921  ;5,  0-9153,  and  0-9384. 

The  specific  gravity  of  pure  stearin  was  0-9268,  and  that  of  pure 
palmitin  0-9117. 

The  specific  gravities  of  the  three  butters  themselves  were  0-92o0, 
0-9236,  and  0-9210.  .  '       ■  r 

Several  other  experiments  were  made  in  which  the  quantity  of 
alcohol  was  increased  from  1,000  cc.  to  1,500  cc,  the  latter  quantity 
being  used  on  the  supposition  that  the  stearin  deposited  would  carry 
dowri  less  of  the  olein,  it  being  found,  on  taking  the  fusing  point  of 
the  deposits,  that  they  contained  a  large  admixture  of  olein.  These 
experiments  gave  the  following  numbers : — 

1.  40-08  per  cent,  olein       .      Specific  gravity,  0-9219 

2.  44-34  „  „  .  „  0-9191 
3.37-86                „          .                 »  0-9208 

Specific  gravity  of  the  stearin  deposited  was  0-9392,  0-9332,  and 
0-9296  respectively. 

The  specific  gravity  of  three  other  samples  of  butter  was  as  follows : 
—0-9342,  0-9202,  0-9328,  while  the  amount  of  oleine  obtained  and  its 
gravity  were  as  given  below : — 

4.  34-93  per  cent,  olein  .  Specific  gravity,  0-9176 
5.40-34  „  „  .  0-9209 
6.43-77  „         .  0-9199 

Specific  gravity  of  the  stearin  deposited  was  0-9225,  0-9277,  and 

The  oleins  obtained  from  the  solutions  of  butters  m  1,500  cc.  ol 
alcohol  were  afterwards  redissolved  in  a  smaller  quantity  of  alcohol, 
and  the  solution  again  placed  for  twelve  hoiurs  in  the  refrigerator,  with 
the  result  of  obtaining  further  deposits  of  stearin,  and  of  course 
diminished  amounts  of  olein.  Thus  100  parts  of  the  olem  firs 
obtained  were  reduced  by  the  second  operation  to  97-2  and  84-4 
respectively.  The  olein  of  mutton  caul  and  of  dirpping  was  reduced 
fr-om  100  parts  to  68-9  and  43-6  respectively. 

The  results  of  the  preceding  experiments  may  be  thus  summed  up : 
—That  it  is  most  difficult,  if  not  impossible,  to  separate  completely 
the  stearin  and  the  paknitin  from  the  olein  by  the  methods 
adopted ;  these  methods  being,  for  the  most  part,  more  definite,  the 
author  beUeves,  than  any  which  have  been  hitherto  resorted  to._  At 
the  same  time  they  serve  to  show  that  the  proportion  of  olein_  m 
butter  is  much  greater  than  in  most  animal  fats,  these  latter  contaimng 
an  excess  of  stearin  and  palmitin.  Thus,  in  reality,  it  is  m  many 
cases  quite  possible  by  these  methods  to  determme  beyond  aU  doubt 
the  fact  of  the  adulteration  of  butter  by  the  fats  m  question. 
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A-ain,  tlie  observations  above  recorded  are  sufficient  to  show  that 
the  specific  gi-avity  of  the  ditiereut  lats  does  not  fm-msh  sufficient 
data  on  which  to  determine  the  admixture  of  butter  with  other  ammal 
fats 

kot  only  is  it  aU  but  impossible  to  completely  separate  the  stearin 
and  pahnitin  from  the  olein,  but  that  portion  of  the  two  former 
glvcerides  which  deposits  from  the  solution  is  invariably  admixed  with 
large  quantities  of  olein,  so  that  the  weight  of  these  obtained  cannot 
be  taken  as  representing  piu-e  stearin  or  palmitin  ;  this  being  proved 
by  taking  the  melting  points  of  the  deposits.  On  the  other  hand,  the 
olein  retained  with  equal  obstinacy  a  portion  of  the  more  solid  fats. 

Had  it  been  possible  by  these  methods  to  have  estimated  accm-ateiy 
the  exact  quantities  of  stearin,  palmitin,  and  olein  contained  m  the 
different  fats,  we  should,  no  doubt,  have  arrived  at  the  desired  results, 
and  should  have  been  able  to  have  determined  the  extent  of  the  ad- 
mixture of  most  animal  fats  with  butter. 


DETEEMINATION  OP  THE  ETTBrNG  POrNTS. 

Failing  to  arrive  at  conclusions  siifficiently  definite  by  the  methods 
above  refen-ed  to,  we  next  directed  our  attention  to  the  fusing  point  of 
butter  and  other  fats,  from  which  it  appeared  to  us  that  valuable  data, 
of  a  much  more  reliable  character  than  those  usually  given,  might,  by 
stricter  methods  of  investigation,  be  arrived  at.  It  has  been  stated  that 
butter  and  foreign  fats  consist  mainly  of  pahnitin,  stearin,  and  olein  jn 
variable  proportions.  Now  these  have  different  melting  points,  the  dif- 
ference between  that  of  stearin  and  palmitin  as  compared  with  olem 
being  very  considerable.  Thus  the  melting  point  of  stearin  is  about 
63°  0.,  of  palmitin  nearly  the  same,  while  olein  is  liquid  at  ordinary 
temperatm-es  and  solidifies  only  at  a  temperature  much  below  the  freez- 
ino-  point.  Knowing,  therefore,  the  melting  point  of  any  given  fat  and 
of^its  prime  constitvients,  it  would  appear  to  be  possible  to  an-ive  ap- 
proximately at  the  percentage  composition  of  that  fat  and  even  of  a 
mixtiu-e  of  fats.  But  we  have  not  been  contented  -to  rely  upon  a  rule 
of  this  kind,  which  would  be  vitiated  to  some  extent  by  the  presence 
of  the  volatile  acids  in  butter,  and  we  have  therefore  experimented 
specially  with  the  actual  fats  mixed  together  in  certain  known  propor- 
tions. 

The  manner  in  which  the  melting  point  of  butter  and  the  other  fats 
has  hitherto  been  usually  determined  has  been  very  inexact,  and  the 
method  pursued  has  been  such  as  to  render  it  impossible  that  the 
obser\^ations  of  any  two  observers  could  correspond.  The  method 
adopted  by  Messrs.  Angell  and  Hehner,  with  a  view  to  the  more 
accurate  determination  of  the  fusirig  points  of  fats  was  as  follows 
They  used  a  bulb  having  a  weight  of  3-4  grammes  and  a  volume  of 
1  cc,  placed  this  on  the  sm-face  of  the  fat  contained  in  a  test-tube, 
and  observed  the  point  at  which  the  weight  became  immersed  in  it  as 


Fig.  133. 
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it  slowly  melted,  the  tube  being  suspended  in  a  vessel  of  water,  tlie 
temperatxire  of  wliicli  was  gradually  raised,  and  in  which  the  thermo- 
meter was  placed.  This  method  has  no  doubt  the  merit  of  furnishing 
results  which  are  strictly  comparative,  and  which  would  even  yield 
in  the  hands  of  other  observers  con-esponding  results.  We  have 
adopted  a  somewhat  different  method.  In  place  of  using  a  weight  we 
have  employed  a  float,  having  a  weight  of  0-18  gramme,  and  a  volume 
of  about  0-5  cc.  This  is  placed  in  the  bottom  of  the  test-tube,  a 
little  melted  fat  is  poured  upon  it,  which  is  allowed  to  become  solid 
in  order  to  fix  the  float,  the  tube  being  afterwards  filled  up  with  the 
fat,  the  melting  point  of  which  is  to  be  observed.  Lastly,  the  bulb  of 
the  thermometer  was  immersed  in  the  fat  in  the  tube,  in  place  of  in 
the  water  siu-rounding  it.  The  latter  difference  in  the  mode  of  pro- 
cedure is  one  of  considerable  importance,  as  the  water  naturally  has  a 
higher  temperature  than  the  fat  itself,  which  derives  its  heat  from  the 
water,  a  difference  which  amounts  to  several  degrees. 

But  in  the  course  of  the  many  observations  made,  it  became 
evident  that  there  were  still  distiu-bing  causes  at  work,  which  led  to 
variations  in  the  results  obtained,  which  were  at  first  surprising  and 
diificult  to  explain.  The  principal  of  these  disturbing  causes  we  foimd 
to  consist  in  the  extent  to  which  the  fats  had  been  solidified  prior  to 
being  melted,  the  rapidity  with  which  the  temperature  of  the  water 
in  which  the  tubes  were  immersed  was  raised,  the  weight  of  the  bulb, 
the  size  of  the  tubes,  the  height  of  the  column  of  fat,  and  the  irregular 
manner  in  which  the  fats  melted  if  the  diameter  of  the  tubes  exceeded 
by  more  than  a  trifle  that  of  the  bulbs  placed  in  them.  If  the  tubes 
were  large,  the  fats  would  melt  in  one  part,  chiefly  near  the  outside, 
and  be  solid  at  another,  so  that  the  ascent  of  the  bulb  was  in  some 
cases  unnatm-aUy  retarded  thereby.  To  meet  these  sources  of  error, 
the  fats  were  always  solidifled  by  immersion  for  an  hour  in  water  at  a 
temperatm-e  of  13'3°  0.  The  diameter  of  the  tubes  used  was  one-third 
of  an  inch,  and  the  height  fom"  inches.  These  properly  suspended, 
as  shown  in  the  diagram,  were  immersed  in  a  large  beaker  of  water. 
This  itself  was  placed  on  an  open  water-bath,  not  a  sand-bath,  the 
temperature  of  the  water  being  very  gradually  raised,  and  the  thermo- 
meters used  being  of  a  limited  scale  and  distinctly  graduated  in  tenths 
of  a  degree  centigrade  (flg.  133). 

In  the  obser\'ations  the  results  of  which  we  are  now  about  to 
record,  not  merely  was  the  fusing  point  of  the  fats  taken  as  indicated 
by  the  rising  of  the  bulb,  but  the  point  at  which  the  fats  became  clear 
was  also  noted  ;  this  will  also  be  found  recorded,  and  it  will  be  seen 
that  there  is  a  difference  in  most  cases  of  about  one  degree  between 
the  two,  the  point  of  clearance  being  about  one  degi-ee  higher. 
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Points  of  Fusion  and  of  Clearance  of  Butter. 

Point  of  Point  of 

Fusion.  Clearance. 

34-0       ....  35-7 


2 

o 
O 

4 
5 
6 
7 


Mean 


34-2 
33-4 

32-  8 

33-  6 
33-8 
84-3 

33-7 


35-6 
35-3 
.S.rl 
35-2 
3G-3 
35-4 

35-5 


Points  of  Fusion  and  of  Clearance  of  other 

Point  of 
Pasion. 


FaU. 


Beef  kidney 
Beef  caul 
Mutton  kidney- 
Mutton  caul 
Veal  kidney- 
Veal  caul 
Lamb  kidney 

"  "i 

Lamb  caul 

n  » 

Pig  kidney 
Pig  caul 
^     T    f  Home- 
Lard  jrended 
Lard  (Irish)  . 
Beef  dripping  . 

„  (sirloin) 
Mutton  dripping  (Inin) 

Pig  dripping  . 


46-5 

45-  7 
48-6 

46-  0 
38-7 

41-  l 
48-4 
51-6 
48-5 

46-  2 

47-  7 

47-  4 

43-  7 

42-  6 

44-  6 

43-  5 

45-  5 

48-  2 

42-  3 

43-  5 


Point  of 
Clearance. 

47-5 

46-  7 
49-5 

47-  0 
39-4 
42-2 

49-  5 
52-9 

48-  7 
47-5 

50-  0 

49-  8 

46-  7 
45-4 

47-  9 

45-  8 

46-  7 

50-  1 

43-  3 

44-  7 


Points  of  Fusion  and  of  Clearance  of  Mixtures. 
The  fosing  point  of  the  butter  used  for  the  mixtures  in  this 
the  foUowing  series  of  experiments  was  di-d  - 


Percentage  of 
Foreign  Fat. 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


I.— Beef  Kidney  Series. 

Point  of 
Fusion. 

35-9 
37-8 
39-8 

41-  4 

42-  7 
440 
45-0 

45-  6 

46-  1 
46-5 


Point  of 
Clearance. 

37-1 

40-  0 

41-  7 

43-  0 

44-  1 

45-  0 

46-  2 

47-  0 
47-4 
47-5 
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II. — Mutton  Kidney  Series. 


Percentage  oi  Point  of  Point  oi' 

Foreign  Fat.  Fusion.  Clearance. 

10       .       .  .       37-8  .       .       .  41-0 

20       .       .  .       40-1  .       .       .  42-1 

30      .      .  .      41-9  .      .      .  43-3 

40      .      .  .      43-1  .      .      .  44-2 

60      ...      44-8  ..  .  45-8 

60      .      .  .      45-8  .  .  .  47-0 

70      .      .  .      47-0  .      .  .  48-2 

80      .      .  .      47-5  .      .      .  48-7 

90      .      .  .       48-1  .       .      .  49-2 

100      ,.  .      48-6  .  .  .  49-5 

in. — Pig  Kidney  Series. 

Percentage  of  Point  of  Point  of 

Foreign  Fat.  Fusion.  Clearance. 

10       .       .  .       3G-4  .  .  ,  37-5 

20      .      .  .      38-2  .      .      .  89-3 

30      .      .  .      40-2  .  .  .  41-3 

40      .      .  .      42-1  .  ,  .  43-5 

60      .      .  ,      43-6  .  .  .  44-9 

60      .      .  .      44-5  .  .  .  46-5 

70      .      .  .      45-2  .  .  .  47-5 

80      .      ,  .      46-1  .  .  .  48-4 

90      .      .  .      47'0  .  .       .  49-2 

100      ..  .      47-7  .  .  .  50-0 

IV. — Lamb  Kidney  Series. 

Percentage  of  Point  of  Point  of 

Foreign  Fat.  Fusion.  Clearance. 

10       .       .  .       37-3  .  .  .  38-6 

20       .      .  .      39-0  .  .  .  40-3 

30      .      .  .      40-9  .  .  .  421 

40      .      .  .      42-5  .  .  .  44-0 

60      ...      44-2  ..  .  46-6 

60      .      .  .      45-6  .  .  .  46-6 

70      .      .  .      46-3  .  .  .  47-5 

80      .      .  .      47-0  .  .  .  48-2 

90      .      .  .      47-7  .  .  .  49-0 

100      ..  .      48-4  .  .  .  49-5 

V. — First  Mutton  Dripping  Series. 

Percentage  of  Point  of  Point  of 

Foreign  Fat.  Fusion.  Clearance. 

10       .       .  .       36-8  .  .  .  38-7 

20      .      .  .      38-6  .  .  .  40-5 

30      .      .  .      40-5  .  .  .  43-0 

40      .      .  .      42-2  ...  44-5 

60      .      .  ,      43-6  ,  .  .  45-9 

60      .      .  .      45-0  .  .  .  47-2 

70      .      .  .      46-0  .  .  .  48-2 

80      .      ...      46-7  ,  .  .  49-0 

90      .      .  .      47-5  .  .  .  49-7 

100      ..  .      48-2  .  .  .  50-1 
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Yl.— Second  Mutton  Dripping  Series. 


Percentage  of 
Foreign  Fat. 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


Point  of 
Fusion. 

35-  3 

36-  3 

37-  0 

37-  9 

38-  7 

39-  4 

40-  1 

40-  9 

41-  5 

42-  3 


Point  of 
Clearance. 

35-7 

37-  4 

38-  0 

39-  2 

40-  1 

41-  0 

41-  9 

42-  5 

43-  1 
43-3 


Percentage  of 
Foreign  Fat. 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


VII. — Pork  Dripping  Series. 

Point  of 
Fusion. 

35-0 
35-9 

37-  3 

38-  0 

39-  0 

39-  9 

40-  7 

41-  6 

42-  5 

43-  5 


Point  of 
Clearance. 

36-0 
36-8 

38-  0 

39-  1 

40-  1 

41-  0 

42-  0 

42-  7 

43-  8 

44-  7 


YIII.  Mixtures  of  Stearin  and  Olein. 


ercentage  of 
Stearine. 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


Point  of 
Fusion. 

47-5 
52-1 

55-  0 

56-  5 
67-5 

58-  4 
69-0 

59-  7 

60-  4 

61-  5 


Point  of 

Clearance.  Appearance. 

50-2 

Half  liquid. 

54-1 

Buttery.  « 

56-5 

Lardaceous. 

67-3 

Consistence  of  beef  fat. 

58-3 

Ditto  of  mutton  fat. 

59-1 

Ver\'  hard. 

59-7 

ditto 

60-4 

ditto 

61-3 

ditto 

62-6 

ditto 

From  an  examination  of  the  preceding  series  of  experiments  it 

'^^Isribat  the  true  melting  point  of  butter  ^--^^l^^-^^^-^}^^ 
S4-9  •  the  mean  of  all  the  observations  made  bemg  33  7.    ihe  po  nt 

lamb  kidney  and  pig  kidney  fat,  varied  fi-om  38  7  to  51  6,  the  mean 
being  46-90. 
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3rd.  That  the  fusing  points  of  beef  caul  fat,  mutton  caul,  veal  caul, 
lamb  caul  and  pig  caul  fat,  ranged  fi-om  41'1  to  48*o,  the  mean  beina- 
45-8.  r  o  ,      c  5 

4th.  That  the  fusing  point  of  lard  varied  from  42-6  to  44'6,  the 
mean  being  43-6. 

5th.  That  the  melting  point  of  beef  dripping,  mutton  dripping,  and 
pig  drippmg  varied  from  42-3  to  48-2,  the  mean  being  44-6  ;  showing, 
on  the  whole,  a  much  lower  meeting  point  than  the  fats  themselves 
from  which  the  drippings  were  derived. 

It  will  thus  be  seen  that  there  is  a  very  wide  dilFerence  between 
the  melting  points  of  butter  and  the  whole  of  the  fats  above  enu- 
merated, so  great  indeed  as  to  aiford,  with  the  more  precise  methods 
of  procedm-e  already  described,  a  means  of  detecting  the  presence  of 
any  admixtm-e  of  those  fats  with  very  great  ease  and  absolute  cer- 
tainty. 

Not  only  can  the  fact  of  the  adulteration  of  butter  with  these  and 
many  other  fats  be  thus  determined,  but  the  extent  of  admixture  or 
adulteration  may  be  approximately  arrived  at.  Both  these  positions, 
and  especially  the  former,  are  abundantly  established  by  the  observa- 
tions above  given. 

The  series  of  observations  taken  with  mixtm-es  of  pm-e  stearin  and 
olein  possess  a  different  and  special  interest.  It  might  have  been  pre- 
sumed that  they  would  have  shown  the  relative  proportions  of  the  two 
glycendes  in  mixtures  of  different  fusing  points.  In  place  of  their 
domg  so,  however,  the  resiUts  arrived  at,  as  will  be  seen  above,  are  of 
a  surprising  and  unexpected  character.  Thus,  a  mixtm-e  of  olein  with 
only  10  per  cent,  of  stearin  had  a  fusing  point  equal  to  that  of  piu-e 
beef  or  mutton  fat.  Now  it  is  quite  certain  that  these  fats  contain  a 
very  much  larger  proportion  of  stearin  and  palmitin  than  10  per 
cent.  The  explanation  of  these  anomalous  results  is  probablv  to  be 
found  m  the  want  of  incorporation  and  real  union  between  the  olein 
and  the  stearm,  so  that  the  melting  point  of  the  stearin  contained  in 
the  mixtiu^e  approximates  more  or  less  closely  to  that  of  pure  stearin. 
btiU,  It  will  be  noticed  that  the  melting  point  increases  with  the  pro- 
portion of  Btearm  present,  not  uniformly,  but  in  a  remarkablv 
dimmishmg  scale.  The  same  want  of  uniformity  in  the  ratio  of 
increase  of  the  melting  point  is  also  apparent  on  an  examination  of 
the  other  series  of  experiments  with  mixtures  of  different  fats 

The  results  of  these  investigations  appear  to  us  practicaUy  to  settle 
the  question  of  the  adulteration  of  butter  with  animal  fats.  Of  com-se 
It  IS  quite  possible  to  conceive  of  mixtiu-es,  specially  prepared  with  a 
view  to  deceive,  having  the  same  fusing  point  as  butter,  but  the  further 
question  to  be  asked  is:  Are  such  mixtui-es  to  be  found  and  sold  as 
butter  ?  We  have  not  to  deal  with  chemical  curiosities,  but  simply 
with  those  articles  which  are  met  with  and  sold  under  the  name  of 
and  as  butter. 

We  have,  therefore,  two  methods,  both  of  them  reliable,  and  hence 
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very  valuaWe,  for  the  detection  of  the  adulteration  of  hutt^r  with 
animal  fats,  namely,  the  method  of  Messrs  AngeU  and  Hehner  VW 
upon  the  amount  in  butter  and  other  fats  of  the  fixed  fatty  acids,  and 
that  to  the  description  of  which  this  article  is  devoted,  founded  upon 
the  diflerent  melting  points  of  butter  and  all  the  fats  ordinanly  em- 

^''^m'^nof  to  describe  the  method  of  Messrs.  Angell 

and  Hehner,  above  referred  to.  .  ^      ^     ^.  a- 

Messrs.  An-eU  and  Hehner  fii'st  attempted  to  estimate  directly  the 
amoimt  of  the  volatile  acids  contained  in  butter.    They  saponifaed  a 
weiohed  quantity  (usually  3  grammes)  in  a  porcelain  ™ 
Taustic  potash,  frequently  stirring  with  a  glass  rod.    The  clear  butter 
soa™  transferred  to  a'  flask  or  retort,  and  decomposed  by  means  o 
dilute  sulphuric  acid.    This  mixtvu-e,  which  contained  sulpha  e  ot 
Sotash   glycerin,  and  the  volatile  acids  in  solution,_and  the  insoluble 
fatt  acids!  as  stearic,  palmitic,  and  oleic  acids,  floating  on  the  top,  was 
S^^Ued  and  the  acicfity  of  the  distillate  ^^^^^ ^y^^^^^;^ 
soda  solution  of  known  strength.    They  found  fi-om  4  /9  to  7  4«  per 
ceS.  ol  the  volatile  acids  in  the  distillate    The  practical  ^f^f^^l 
of  this  method,  as  the  violent  bumping  of  the  boihng  liquid  and  he 
impossibility  to   obtain  a  distillate  perfectly  free  from  acid,  led 
Krs  Ingtll  and  Hehner  to  adopt  a  --^^/^/.^^^^^^^^^ 
indirect  method  of  the  estimation  ot  the  volatile  acids.      ihe  volame 
acids  iras  we  have  mentioned,  soluble  in  water,  whilst  palmitic 
stearic  and  oleic  acids  are  insoluble.    All  animal  fets,  except  butter, 
S  e  mixtures  of  the  glycerides  of  the  three  latter  acids     Then-  equiva- 
?entrbeS^  very  high  Ind  nearly  equal,  the  theory  predicted  that  they 
woSd^eld,  on  saponification  and  decomposition  of  the  ^oap  with 
diliie  ac^d,  nearlv  equal  amounts  of  insoluble  acids.    Thus,  P^re  pal- 
mithi  Wd  vieia  95-28  percent,  of  pahnitic acid  ;  pm-e  stearin,  9ov3 
JirceX  of  Stearic  acid';  and  lastly,  olein  95-70  V^^^^^-^^^  ^^^ 
acid     All  animal  fats,  being  mixtures  of  these  thiee  ?lycenaes, 
Should,  therefore,  yield  a  percentage  of  fatty  acids  ^^-P-I^J^^J^^^'^ 
per  cent,  to  95-73  per  cent.,  or  say,  on  an  average,  ^^out^  9d  o  per  cent^ 
Tn  nvove  this  theory  by  experiment,  3  gi-ammes  of  mutton  lat  were 
Jan?S  in  a  porcekin^asin  with  a  concentrated  solution  of  potesh. 
S  safoniScati'on  was  verv  easy  and  quick,  the  liquid  boi bug  qmet  y. 
Ifc  S  a  glass  rod  assists  Veiy  greatly.  The  water  as  it  e.^P;;ijte 

?wl  it    They  were  washed  with  boilmg  water,  di'ied  at  100  0 
fnd  weUed.    Obtained  95-63  per  cent.,  which  figure  agrees  with  the 
theory. 
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'  Butter,  which  contains  besides  pahnitic,  stearic,  and  oleic,  also 
volatile  or  soluble  acids,  should  consequently  give  a  lower  amount  of 
insoluble  acids,  these  being  diminished  in  the  ratio  to  the  quantity  of 
the  soluble  acids.  A  weighed  quantity  of  butter  fat  was  saponified, 
exactly  as  was  the  mutton  fat  just  mentioned.  Obtained  86-07  per 
cent,  of  insoluble  acids,  or  9"5  per  cent,  less  than  any  other  fat  could 
have  given.'  Messrs.  Angell  and  Hehner  made  nimierous  estimations  of 
the  amoimt  of  insoluble  fatty  acids  in  butter  and  other  fats,  and  found 
the  former  to  yield  from  85-40  to  86-20  per  cent.,  whilst  the  latter 
gave  invariably  a  quantity  approaching  very  closely  the  theoretical 
amoimt — namely,  95-5  per  cent.  '  The  average  of  the  results  is  85-85 
per  cent,  of  fixed  acids.  The  difference  between  the  quantity  of  fatty 
acids  found  in  butter  and  that  foimd  in  other  fats  is  therefore  on  an 
.  average  9-65  per  cent.  Mixtm-es  wiU  yield  quantities  lying  between 
85-85  and  95-5  per  cent.    An  adulteration  of  100  per  cent.,  i.e.  the 

■  substitution  of  any  foreign  fat  for  butter,  would  give  a  difference  of 
!  9-65  per  cent. ;  an  adulteration  of  10  per  cent.,  therefore,  would  o-ive 
i  a  difference  of  0-965  per  cent.  Each  tenth  of  a  percentage  of  fatty 
:  acids  above  the  average  figiu-e  would  consequently  be  equal  to  1-036 
;  per  cent,  of  adulteration ;  but  it  would  be  unjustifiable  to  declare  a 
-  sample  of  butter  to  be  adulterated  because  the  fatty  acids  lie  thi-ee 

■  or  four  tenths  of  a  percentage  above  the  average  fio'ure.' 

Messrs.  AngeU  and  Hehner  have  proved  theaccuracv  of  their  method 
Iby  mixing  butter  and  foreig-n  fats  in  known  proportions,  and  estimatino- 
:the  amount  of  fixed  fatty  acids.  The  mixtm-es  yielded  invariably 
I  quantities  closely  approximating  to  the  calculated  amounts. 

Mr.  Turner,  public  analyst  of  Portsmouth,  has  suggested  the  em- 
fployment  of  alcohol  with  a  view  to  hasten  the  saponification  of  the  fat  • 
:this  it  effects  by  rendering  it  soluble  and  so  facilitating  and  quickening 
•the  action  of  the  alkali  upon  it,  the  saponification  being  thereby  effected 
:in  a  few  minutes. 

About  30  or  40  cc.  of  spirits  of  wine  are  added  to  the  butter  in  a 
>smaU  glazed  porcelain  dish,  and  heated  over  the  water-bath  to  near  the 
t  boihng  pomt.  About  5  grammes  of  solid  caustic  potash  are  then 
added,  and  from  tmie  to  time  a  few  drops  of  water  to  facilitate  its 
-solution,  the  liquid  being  stirred  all  the  time.  In  this  manner  the 
butter  becomes  rapidly  saponified.  The  clear,  yellowish  solution  is 
:then  freedfrom  aU  alcohol  over  the  water-bath,  and  the  soap  decomposed 
■Hs  akeady  described.    Care  should  be  taken  to  remove  aU  the  alcohol 

■  as  a  sma,ll  quantity  of  the  fatty  acids  might  be  held  dissolved  should 
.:iny  alcohol  remain,  and  so  lead  to  an  erroneous  result 
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CHAPTER  XX. 
CHEESE  AND  ITS  ADULTERATIONS. 


DEFINITION  OF  ADULTERATION. 

Any  foreign  substance,  animal,  vegetable,  or  mineral,  excepting  salt  and 

annatto. 

Cheese  consists  chiefly  of  the  curd  of  milk,  ripened  hy  keeping,  with 
more  or  less  of  the  hatter  and  a  variable  quantity  of  water. 


THE  MANXTPACTiniE  OP  CHEESE. 

The  curd  is  usually  precipitated  from  milk  by  means  of  a  solution 
of  rennet,  which  is  prepared  from  the  dried  stomach  of  the  calf  and 

sometimes  the  pig-.  „     . ,    ,  .  i  -f 

It  may  be  precipitated  by  means  of  acads,  but  these  are  rarely  it 
ever  employed  in  this  country  in  the  maMng  of  cheese ;  also  by 
several  other  substances,  as  pure  cm-d,  old  cheese,  the  natm-al  limds  ot 
the  stomach,  the  first  extract  of  malt  and  sour  leaven.  Protestor 
Johnston  particularly  recommends  trials  to  be  made  of  the  pm-e  pre- 
pared curd.  '  If,'  he  remarks,  '  we  are  able  to  rescue  the  manulacture 
of  rennet  out  of  the  mysterious  and  empirical  hands  of  the  skilled  dairy- 
maid, and  by  the  use  of  a  simple,  abundant,  easily  prepared,  and  pui-e 
rennet,  can  command  at  once  a  ready  coagulation  of  the  milk,  and  a 
curd  natm-ally  sweet,  or  of  a  flavom-  which  we  had  foreseen  and  com- 
mended, we  should  have  made  a  considerable  step  towards  the  per- 
fection of  the  art  of  cheese-making.'         ,  „     .  .  tt  . 

Pure  ciu-d  may  be  prepared  in  the  following  manner:-  Heat 
a  quantity  of  milk  which  has  stood  for  five  or  six  hours;  let  it  cool, 
and  separate  the  cream  completely.  Add  now  to  the  milk  a  little 
vinegar,  and  heat  it  gently.  The  whole  will  coagulate,  and  the  curd 
wiU  separate.  Pour  ofi"  the  whey,  and  wash  the  curd  well  by  ™ead- 
ino-  it  with  repeated  portions  of  water.  When  pressed  and  dned, 
the  casein  will  be  sufticiently  pm-e  for  ordinary  piu-poses.  It  may  be 
made  stiU  more  pure  by  dissolving  it  in  a  weak  solution  of  carbonate 
of  soda,  allowing  the  solution  to  stand  for  twelve  hom-s  m  a  shallow 
vessel  separating  any  cream  that  may  rise  to  the  surface,  agam  thi-ow- 
S  down  the  ciS-d  by  vinegar,  washing  it  frequently,  and  occasionally 
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boiling  it  with  pure  water.  By  repeating  the  process  three  or  four 
times  it  may  be  obtained  almost  entirely  free  from  the  fatty  and  saline 
matters  of  the  milk.' — '  Transactions  of  the  Highland  Agricultural 
Society.' 

The  following  is  the  modus  operandi  of  rennet :  it  promotes  the  con- 
version of  the  sugar  of  milk  into  lactic  acid,  which,  acting  like  other 
acids,  occasions  the  precipitation  of  the  curd,  although,  as  already 
mentioned  in  the  article  on  '  Milk,'  rennet  seems  to  possess  the  property 
of  precipitating  casein  independent  of  the  formation  of  any  acid. 

It  has  been  objected  to  rennet  that  by  it  a  readily  fermentable  and 
decomposable  substance  is  introduced  into  the  cheese,  fi-equently 
causing  it  to  pass  into  a  state  of  decomposition. 

It  has  been  also  objected  that  the  stomachs  from  which  it  is  pre- 
pared are  often  in  a  dii-ty  and  more  or  less  decayed  condition,  and  that 
the  strength  of  the  rennet  made  is  very  uncertain. 

In  order  to  obviate  these  latter  objections  the  preparation  of  a  solu- 
tion of  rennet,  of  standai'd  and  ascertained  strength,  has  been  sug- 
I  gested  •,  salt,  saltpetre,  and  other  additions  being  made  to  ensure  its 
preservation.    Such  a  solution  would  appear  to  possess  several  advan- 
•  tages. 

The  proportions  of  casein  and  butter  in  cheese  vary  with  the  kind 
.  of  milk  from  which  the  cheese  is  made ;  thus  skim  milk  cheese  is  much 
]  poorer  in  butter  than  that  made  from  ci-eam  or  whole  milk. 

Cheshire  cheese  is  of  course  made  from  whole  milk ;  Stilton  from 
1  cream  ;  while  cream  cheese  consists  of  the  fresh  curd  of  whole  milk. 

The  salting  of  cheese  may  be  effected  in  several  ways  ;  the  salt  may 
I  be  added  direct  to  the  fi-esh  ciu:d,  and  this  is  the  method  usually  prac- 
I  tised  in  Scotland  ;  or  the  newly  made  cheese  may  be  immersed  in  a 
:  solution  of  brine  ;  or  the  surface  may  be  rubbed  with  dry  salt — these 
1  methods  are  practised  in  Cheshire  ;  or,  lastly,  the  salt  may  be  added  to 
1  the  milk  previous  to  the  precipitation  of  the  curd.  By  this  method 
1  the  cm'd  is  very  equally  salted,  but  the  quantity  of  salt  required  is  very 
1  lai'ge,  the  greater  part  of  it  being  retained  in  the  whey. 

The  curd,  before  being  compressed,  is  cut  into  small  pieces  so  as  to 
i  allow  the  whey  to  drain  off ;  it  is  then  placed,  after  being  salted,  in  the 
I  moulds,  a  heavy  weight  being  put  upon  it,  but  in  some  cases  it  is 
:  subjected  to  the  progressive  action  of  a  screw  press. 

It  is  kept  for  some  time  in  a  cool  place  until  it  has  imdergone  a 
!  kind  of  fermentation,  whereby  it  acquires  the  peculiar  flavour  and  the 
I  properties  of  cheese. 

The  changes  which  take  place  diu-ing  the  ripening  process  have  not 
}yet,  we  believe,  been  satisfactorily  determined  ;  but  some  interesting 
;.  particulars  wiU.  be  found  recorded  in  Pelouze  and  Fr^my's  *  Traits 
de  Chimie ' — their  accuracy  may  in  some  particulars  be  doubted,  and 
1  assuredly  they  need  confii-mation.  It  appears,  however,  certain  that 
llmdn,  hutyric,  caproic,  cciprylic,  eapric,  lactic,  and  valerianic  acids, 
t  together  with  anmionia,  are  generated,  the  acids  combining  with  the 
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alkali  to  form  salts.  It  is  stated  that  as  much  as  21  per  cent,  of  these 
ammonia  salts  have  been  found.  The  ammonia  is  doubtless  derived 
from  the  decomposition  of  a  portion  of  the  casein. 

THE  COMPOSITIOK  OP  CHEESE. 

The  following  analyses  exhibit  the  percentage  composition  of  most 
of  the  principal  kinds  of  cheese  met  with  in  the  market.  The  first 
series  is  recently  made  by  the  author,  the  second  is  by  Payen  : — 


First  Series. 


American. 

Gloucester- 
shire. 

Dutch. 

Cheddar. 

Stilton, 

Cream 
Cheese. 

Water . 

30-13 

32-52 

32-78 

30-10 

31-37 

30-34 

Fat 

32-88 

29-94 

27-57 

36-54 

36-58 

67-32 

Casein  . 

33-81 

31-70 

32-81 

30-15 

27-66 

2-02 

Ash  . 

3-18 

5-84 

6-84 

3-21 

4-39 

0-32 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

Second  Series. 


Chester. 

Brie. 

Neu£- 
chatel. 

Mar- 
seilles. 

Koque- 
fort. 

Holland. 

Gruyfere. 

Parme- 
san. 

Water  . 
Fat 

Casein  . 
Ash 

30-39 
25-41 
35-58 
4-78 

53-99 
24-83 
15-29 
5-63 

61-87 
18-74 
14-58 
4-25 

40-07 
28-73 
23-87 
5-93 

26-53 
32-31 
32-45 
4-45 

41-41 

25-  06 

26-  24 
6-25 

32-05 
28-40 
34-56 
4-79 

30-31 
21-68 
35-07 
709 

96-16 

99-74 

99-44 

98-60 

95-74 

98-96 

99-80 

94-15 

It  thus  appears  that  the  composition  of  cheese  is  very  variable,  the 
variation  affecting  the  whole  of  its  constituents.  Of  coiu-se  these  dif- 
ferences are  explained  to  a  large  extent  by  con-esponding  differences  in 
the  kind  and  mode  of  preparation  of  the  cheese,  but  for  cheeses  of  the 
same  name  and  character  gi-eater  uniformity  will  be  found  to  exist. 

Thus,  for  the  purpose  of  determining  whether  a  cheese  be  pure  or 
not  it  must  first  be  classified,  and  it  must  then  be  detei-mined  whether 
it  is  a  cream,  whole  milk,  or  skim-milk  cheese,  and  whether  it  is  a 
hard  cheese,  or  soft,  like  cream  cheese.  These  natural  differences  in 
the  composition  of  cheese  render  it  somewhat  difficult  to  deal  with  the 
question  of  its  adulteration. 

Johnston  has  analysed  the  ash  of  two  samples  of  cheese:  Lot 
hand  cheese ;  and  2,  of  Swiss  cheese. 
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Hand  cheese.  Swiss  cheese. 

Potash       .      .      .  4-85  .  .  .  2-46 

Soda   ....  7-33  .  .  .  3-67 

Lime  ....  2-55  .  .  .  17-82 

Magnesia    .      .      .  None.  .  .  .  0-81 

Ferric  oxide.      .      .  0-11  .  .  .  0-17 

Carbonic  acid     .      .  0-03  .  .  .  0-08 

Phosphoric  acid  .      .  13-68  .  .  .  20-45 

Chloride  of  sodium     .  72-47  .  .  ,  55-37 


101-02  100-83 


It  will  be  seen  that  the  principal  portion  of  the  ash  of  cheese  is 
made  up  of  chloride  of  sodium,  but  it  also  contains  notable  quantities 
of  phosphoric  acid  in  combination  with  lime,  potash,  and  soda,  espe- 
cially the  former. 

AJTALXSIS  01'  CHEESE. 

In  maldng  an  analysis  of  cheese  it  is  usually  only  necessary  to 
determine  the  water,  fat,  casein,  ask,  and  salt ;  in  some  cases,  however, 
it  may  be  desii-able  to  ascertain  the  amoimt  of  sugar  and  ammonia 
present. 

Estimation  of  rvater. — 2  or  3  grammes  of  cheese  should  be  cut  into 
very  fine  slices,  and  dried  on  the  water-bath  in  a  platinum  dish  imtil 
they  cease  to  lose  weight. 

Estimation  of  fat. — Next  the  fat  may  be  estimated  in  the  dried 
cheese,  which  shoiild  be  first  transferred  to  a  small  flask,  by  exhaustion 
with  boiling  ether.  The  quantity  of  fat  may  be  ascertained  either  by 
the  evaporation  of  the  ethereal  solution,  or  by  noting  the  loss  of  weight 
of  the  dried  cheese.  It  is  necessary  that  the  cheese  should  be 
thoroughly  dry,  or  the  ether  will  not  act  upon  it.  If  in  any  case  the 
cheese  be  not  dry,  it  should  be  first  moistened  with  a  few  drops  of 
strong  alcohol,  after  which  the  ether  will  dissolve  the  fat  without 
difficidty. 

Estimation  of  casein. — This  is  estimated  with  sufficient  accuracy 
by  igniting  the  residue  insoluble  in  ether,  and  deducting  from  it  the 
weight  of  the  ash. 

Another  method  would  be  by  determining  the  amoimt  of  niti'ogen 
by  the  ordinary  combustion  process. 

Estimation  of  sugar. — The  only  cheese  which  contains  any  appreci- 
able quantity  of  sugar  is  cream  and  other  soft  cheeses,  and  this  may 
be  extracted  from  the  residue  after  the  removal  of  the  fat  by  means  of 
ether,  by  treating  first  with  strong  alcohol  and  then  with  boiling' 
water. 

Estimation  of  ash. — This  may  be  obtained  either  by  incinerating  a 
quantity  of  the  cheese  itself,  or  in  the  manner  above  refen-ed  to.  If  it 
be  desired  to  estimate  the  amount  of  salt  in  the  ash,  the  usual  estima- 
tion of  chlorine  by  means  of  a  solution  of  nitrate  of  silver  is  to  be 
made. 
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Esthnation  of  ammonia. — About  50  prammes  of  cheese  are 
thoroughly  exhausted  by  means  of  repeated  additions  of  boiling  water. 
After  filtration  the  solution,  which  contains,  besides  the  sugar  and 
chloride  of  sodium,  the  ammonia  salts  of  the  volatile  acids,  is  trans- 
ferred to  a  retort,  and  rendered  alkaline  by  means  of  caustic  potash. 
It  is  then  distilled,  and  in  the  distillate  the  alkalinity  is  estimated  by 
a  standard  solution  of  either  hydrochloric  or  sulphuric  acid. 

The  volatile  acids  may  be  obtained,  together  with  hydrochloi-ic  acid, 
by  boiling  a  portion  of  the  watery  solution  obtained,  as  above  described, 
with  dilute  sulphuric  acid. 

THE  ADULTERATIONS  OP  CHEESE. 

Colouring  loith  annatto. — We  have  referred  in  the  ai-ticle  on  annatto 

to  the  practice  of  colouring  cheese  with  annatto — a  practice  which  we 
have  shown  to  be  useless,  to  entail  some  unnecessary  expense,  and,  in 
consequence  of  the  adulteration  of  annatto  with  injurious  substances, 
to  be  attended  in  some  cases  with  risk  to  health. 

Other  colouring  matters  are,  however,  sometimes  employed  for  the 
same  purpose  as  annatto;  n&m%\Y,  mangold  flowers,  sajfron,  and  the 
juice  of  red  carrots;  but  most  of  the  paler-colom-ed  and  all  the  high- 
coloured  cheeses  derive  the  whole  of  their  colour  from  annatto.  Stilton 
and  Cheddar  cheese  are  never  colom-ed  in  any  way. 

It  may  be  objected  to  the  whole  of  these  substances  that  their  em- 
ployment serves  no  useful  pui-pose. 

Flavouriyig  loith  herbs. — Various  articles  are  likewise  added  to 
cheese  to  flavour  it,  and  to  impart  a  gi-een  or  diversified  colom-. 

'  In  some  dairies,  the  leaves  of  sage,  parsley,  and  other  herhs,  are 
infused  into  cheese  to  give  it  a  green  colour.  In  other  dairies  part  oi 
the  curd,  when  ready  for  the  press,  is  exposed  in  a  sieve  to  the  air, 
in  order  that  it  may  become  oxygenated,  and  may  render  the  cheese 
into  which  it  is  mixed  with  newly  prepared  ciu-d,  of  a  diversified 
colour,  and  of  a  disposition  to  run  speedily  into  putridity.  In  a  few 
dairies  rapid  putridity  is  induced  by  an  intermixture  of  beaten  pota- 
toes. In  Ross-shire,  cheeses  are  for  several  days  bui-ied  within  sea- 
mark, in  order  that  they  may  acquire  a  blue  colour  and  a  peculiar 
taste ;  and  in  France,  a  considerable  quantity  of  cheese  receives  an 
ofieusive  smell,  resembling  that  of  a  pigstye,  from  the  intermixture 
of  fenugreek. — Rural  CyclopcBdia. 

Adulteration  ivith  jjotatoes. — Cheese  is  made  from  potatoes  m 
Thuiingia  and  Saxony,  in  this  manner :— '  After  having  collected  a 
quantity  of  potatoes  of  good  quality,  giving  the  preference  to  a  lai^e 
white  kind,  they  are  boiled  in  a  cauldi-on,  and  after  becoming  cool, 
they  are  peeled  and  reduced  to  a  pulp,  either  by  means  of  a  gi-ater  or 
mortar.  To  five  pounds  of  this  pulp,  which  ought  to  be  as  equal  as 
possible,  is  added- one  pound  of  soiu-  milk,  and  the  necessary  quantity 
of  salt.    The  whole  is  kneaded  together,  and  the  mixture  covered  up 
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and  allowed  to  lie  for  three  or  four  days  according  to  the  season.  At 
the  end  of  this  time  it  ia  kneaded  anew,  and  the  cheeses  are  placed  in 
little  baskets,  when  the  superfluous  moistiu-e  escapes.  They  are  then 
allowed  to  dry  in  the  shade,  and  placed  in  layers  in  large  vessels,  where 
they  must  remain  for  fifteen  days.  The  older  these  cheeses  are,  the 
more  their  quality  improves.  Three  kinds  of  them  are  made.  The  first, 
which  is  the  most  common,  is  made  according  to  the  proportions  just 
given ;  the  second,  with  foiu-  parts  of  potatoes  and  two  parts  of  curdled 
milk ;  the  third,  with  two  parts  of  potatoes  and  four  parts  of  cow  or 
ewe  milk.  These  cheeses  have  this  advantage  over  other  kinds,  that  they 
do  not  engender  worms,  and  keep  fresh  for  a  number  of  years,  provided 
they  are  placed  in  a  diy  situation  and  in  weU-closed  vessels.' — Quai'- 
terly  Journal  of  Agriculture. 

Adulteration  toith  bean  meal. — Cheeses  are  likewise  made,  in  some 
cases,  with  bean  meal,  which  contains  a  much  larger  proportion  of 
nitrogen  than  the  potato,  and  hence  such  cheeses  will  be  much  more 
nutritious  than  those  made  with  potatoes. 

Adulteration  with  Venetian  red  and  reddle. — Venetian  red  and 
reddle  ai-e  often  employed  to  coat  or  colour  the  outer  surface  of  many 
cheeses,  especially  Dutch  cheese.  This  practice  is  objectionable  in 
itself,  but  is  pai-ticularly  so  in  consequence  of  the  Venetian  red  some- 
times containing  lead. 

Sulphate  of  copper  ami  arsenic. — The  outer  surface  or  rind  of  the 
cheese  is  sometimes  washed  over  with  a  solution  of  these  in  order  to 
protect  the  cheese  from  the  attacks  of  the  cheese  mite  and  other  para- 
sitic productions.  This  practice  is  also  very  objectionable,  since 
many  persons  not  unfi-equently  eat  the  rind  of  the  cheese. 

Results  of  the  Examination  of  Samples. 

Twenty  samples  of  cheese  were  subjected  to  analysis  with  the  follow- 
ing results : — 

All  loere  artifidallij  coloured,  in  most  cases  icith  annatto. 
In  none  was  lead  present. 

Several  were  coloured  on  the  outside  with  Venetian  red  or  reddle 
ground  up  into  a  paste  with  grease. 

In  none  of  the  cheeses  was  any  substance,  either  organic  or  mineral, 
present,  added  for  the  purpose  of  increasing  the  bulk  and  weight  of  the 
cheese. 

These  results  are  so  far  satisfactory,  especially  as  respects  lead. 

It  must  not  be  concluded,  however,  from  the  results  of  these  twenty 
examinations,  that  lead  derived  from  the  adulterated  annatto  employed 
to  colour  the  cheese  is  never  present.  If  it  occur  only  in  one  sample 
out  of  a  hundred,  much  mischief  would  result  in  some  cases. 

That  it  does  sometimes  occur  in  both  annatto  and  cheese  is  proved 
by  the  evidence  of  Accum  and  Mitchell. 

Accum,  at  page  276  of  his  '  Treatise,'  affirms  that  several  instances 
had  come  under  his  knowledge  in  which  Gloucester  cheese  had  been 


454 


CHEESE  AND  ITS  ADULTERATIONS. 


contaminated  with  red  lead,  and  had  produced  senous  consequences  on 
heinc  taken  into  the  stomach.  In  some  of  these  cases  it  was  a«cei-tained 
that  the  annatto  which  had  been  used  to  colour  the  cheese  was  itseli 
coloured  or  adulterated  with  both  vermilion  and  red  lead. 

Mitchell  writes :  '  I  have  only  met  with  cheese  that  contained  lead 
on  one  occasion,  although  it  may  be  comparatively  common.'  _ 

The  practice  of  coating  cheese  with  Venetian  red  and  reddle  is  even 
more  obiectionable  than  the  use  of  adulterated  annatto,  since,  should 
this  contain  lead  in  any  case,  and  since  some  persons  are  thoughtless 
enough  to  eat  the  rind,  the  quantity  of  that  metal  consumed  would  be 
more  considerable.  ,  , 

Althouoh  cheese  escapes  for  the  most  part  the  hands  of  the  adul- 
terator it  does  not  escape  the  attacks  of  fungi,  animalcules,  and  insects ; 
to  these  it  is  particularly  prone,  in  consequence  of  its  being  so  very  nch 

°Th?oTOen  and  blue  colours  of  mouldy  cheese  are  due  to  the  develop- 
ment of  ""a  fungus,  Asperf/illm  glaucus,  and  the  red  colour  or  mould  to 
another  fungus,  Sporendomima  casei.  n 

This  moLildiness  may  be  produced  in  comparatively  new  cheese  by 

Thi?i?sometimes  effected  by  inserting  into  the  new  cheese  rolls  of 
mouldy  cheese,  extracted  by  the  scoop,  into  holes  previously  made  by 

ItTs^SdThat  large  pins  are  often  thrust  into  cheeses,  and  allowed 
to  remain  in  them  for  a  considerable  time  in  order  to  produce  the 
mouldiness.  This  is  a  very  objectionable  proceeding,  as  in  this  case 
the  colom-  is  due  partly  to  the  formation  ot  a  salt  of  copper,  and  partly 
in  some  cases  to  the  development  of  the  fungus,  which  takes  place  in 
conseauence  of  the  admission  of  air  into  the  interior  «t  the  cheese. 

At  a  still  further  period  of  decay  cheese  is  attacked  by  the  well 
known  cheese  mite  or  acarus,  Acarus  s»-o_of  Linnaeus,  now  caUed^c«ru« 
domesticus,  and  which  is  so  small  that  it  is  scarcely  percephble  with- 
out the  aid  of  the  microscope;  the  dry  and  poivden/jmrtyf  cheese 
consist  almost  entirely  of  these  acari  and  their  ova  m  differerd  stages  of 

^'■"'"wfSften  wonder  how  the  cheese  mite  is  at  hand  to  attack  a 
cheese  wherever  deposited  ;  but  when  we  learn  from  Leewenhoek  that 
one  livid  eleven  weeks  gummed  on  its  back  to  the  point  of  a  needle 
^thout  food,  our  wonder  is  diminished,'  remark  Kirby  and  Spence. 
SthThese  cheese  maggots  and  mites,  when  numerous,  destroy  cheese 
raSly  by  crumblingTt  into  small  pieces,  and  by  emitting  a  liqmd 
sXstancefwhich  causes  the  decayed  parts  to  spread  speedily.  They  may 
eS  be  killed,  however,  by  exposure  to  strong  heat  or  by  plunging  the 
cheele  in  some'  liquid,  sich  as  whiskey,  capable  of  destroying  the  larvae 
-nritliniit  communicatino:  any  disagTeeable  fiavom-. 

Be^  des  the  casualties  from  fermentation,  cheese  when  vet  qui  e 

fesh,  is  subject  to  the  attack  of  the  cheese-fly  {PtopMla  caset).  The 
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fly  is  ready  to  deposit  its  egg  in  the  deepest  crack  it  can  find,  by  means 
of  an  extensile  abdominal  tube.  The  specific  distinguishing  characters 
of  this  insect,  as  drawn  up  by  Mr.  Duncan,  are  as  follow:—'  About  two 
lines  in  length,  the  whole  body  of  a  greenish-black  colour,  smooth  and 
shining  ;  front  of  the  head  reddish-yellow,  paler  yellow  on  the  under 


Fig.  134. 


Dust  of  old  Cheese,  magnified  about  40  diameters,  composed  entirely  of  Acarus 
Siro  or  Cheese  Mite,  in  all  conditions  of  development  from  the  ova  upwards. 


side.  Thighs  ochre-yellow  at  the  base  and  apex ;  tibia  deep  ochre,  the 
first  and  last  pair  black  at  the  apex ;  anterior  tarsi  black,  the  others 
ochrey,  with  the  two  last  joints  and  the  claws  black  ;  wings  clear  and 
iridescent,  slightly  tinged  with  rust  colour  at  the  base,  halteres  ochrey.' 
— Elirby  and  Spence's  Introdiiction  to  Entomology. 
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The  cheese  ma^i^ots  produced  from  this  fly  are  as  large  as  the  fly, 
and  commonly  called  jumpers.  '  When  this  maggot  prepares  to  leap, 
it  first  erects  itself  on  its  anus,  and  then  hending  itself  into  a  circle, 
by  hringing  its  head  to  its  tail,  it  pushes  forth  its  unguiform  man- 
dibles, and  fixes  them  in  two  cavities  in  its  anal  tubercles.  All  being 
thus  prepared,  it  next  contracts  its  hody  into  an  oblong,  so  that  the 
two  halves  are  parallel  to  each  other.  This  done,  it  lets  go  its  hold 
with  so  violent  a  jerk,  that  the  sound  produced  by  its  mandibles  can 
be  easily  heard,  and  the  leap  takes  place.    Swammerdam  saw  one, 

Pig.  135. 


Joiterior  and  posterior  views  of  Cheese  Mile.  Magnified  40  diameters. 

whose  length  did  not  exceed  the  fourth  part  of  an  inch,  j'^mp  in  tMs 
Zlner  oufof  a  box  six  inches  deep,  which  is  as  if  a  man  su.  feet  high 
should  raise  himself  in  the  air  by  jumping  144  feet;  he  had  seen 
others  leap  a  great  deal  higher.'— .BooA;  of  the  Farm. 

THE  DETECTION  OF  THE  ADTJXTEBATI0N8  OF  CHEESE. 
The  presence  of  annatto  is  sufficiently  indicated  by  the  colour,  ve^ 
obvious  in  most  cheese,  particularly  when  this  is  compared  with  an 
imcoloured  cheese,  such  as  Stilton.  .      „  Io-mto 

m  detection  of  potato.-Qince  the  ceUs  of  potato  contain  a  large 
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quantity  of  starch,  its  presence,  as  well  as  that  of  any  other  starchy 
substance,  -wiR  be  at  once  ascertained  by  adding  to  a  minute  portion 
of  the  cheese  a  drop  or  so  of  a  solution  of  iodine.  The  cells  of  potato 
are  characterised  by  then-  large  size  and  rounded  form  (tig.  108). 
They  woiild  be  best  seen  after  the  extraction  of  the  fat  by  means  of 
ether.  Of  course  potatoes  would  only  be  employed  in  the  adulteration 
of  cheese  after  they  had  been  cooked  and  mashed. 

The  quantity  of  potato  present  must  be  estimated  from  the  amount 
of  starch,  obtained  as  glucose  in  the  usual  manner  by  boiling  with 
dilute  sulphuric  acid ;  100  parts  of  potato  contain  about  23  parts  of 
starch. 

_  The  detection  of  bean  meal. — For  the  detection  and  estimation  of 
this  we  must  proceed  exactly  as  in  the  case  of  the  mashed  potato.  The 
characters  of  the  starch  corpuscles  and  cellulose,  as  revealed  by  the 
microscope,  and  which  have  abeady  been  described,  will  serve  suffi- 
ciently for  its  identification. 

The  detection  of  animal  fats.— It  is  quite  within  the  limits  of  pro- 
bability that  in  some  cases  animal  fat  may  be  employed  in  the 
manufactui-e  and  adulteration  of  cheese.  Such  an  adulteration  admits 
of  detection  in  the  following  manner  .-—About  100  grammes  of  the 
cheese  should  be  heated  in  the  water-bath,  when  the  fat  will  sepai-ate 
and  may  easily  be  poured  off.  This  should  be  placed  in  a  test-tube, 
and  Its  fusmg  point  taken  in  the  manner  aheady  fiilly  described  in  the 
article  on  '  Butter,'  the  fusing  point  proving  whether  there  has  been  any 
admixture  of  animal  fat  or  not. 

On  the  detection  of  Venetian  red.— When  the  cheese  is  artificially 
coated  or  coloured,  the  coating  should  be  separately  examined  for 
iron  and  lead. 

The  general  method  of  proceeding  is  as  follows :— About  four  or 
five  grammes  of  the  rind  of  the  cheese  should  be  incinerated  in  a 
porcelain  basm,  and  the  ash  tested  for  lead  and  iron  as  directed  else- 
where m  this  work. 

•  j"^'^/  detection  of  sulphate  of  copper  and  arse^iic.—K  portion  of  the 
nnd  of  the  cheese  should  be  incinerated,  the  ash  treated  with  nitric 
.  acid,  and  the  solution  rendered  alkaline  by  ammonia,  when  the  charac- 
teristic blue  colour  of  ammonio-cupric  sulphate  wiU  appear :  or  if  the 
>  quantity  of  copper  be  very  smaH,  the  ammoniacal  solution  should  be 
1  acidulated  with  acetic  acid  and  tested  with  a  solution  of  ferrocyanide 
i  of  potassium,  which  will  produce  a  reddish-brown  coloration  or  pre. 
I  cipitate  ot  jen-ocyamde  of  copper. 

The  detection  of  the  arsenic  is  a  more  complicated  and  difficult 
;  operation.  Upon  the  rmd  of  the  cheese  pure  strong  hydrochloric  acid 
iis  poured  and  the  mixture  heated  in  the  water-bath.  Chlorate  of 
•potash  IS  then  to  be  added  in  smaU  quantities  at  a  time.  The  chlorine 
thus  evolved  destroys  most  of  the  organic  matter,  with  the  exception 
ot  the  fat.  As  soon  as  the  liquid  becomes  clear  it  is  allowed  to  cool, 
sand  18  then  filtered,  whereby  the  fat  ie  separated.    The  solution  is 
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heated  on  tlie  water  bath  until  aU  smell  of  chlorine  has  disappeared 
T  i.  "f  Z.^a  Qnlnliiivptted  hvdro^Bn   s  now  passed  through  the 

with  water  acidulated  with  pure  hydrochloric  acid.  Solphui-etted  hy- 
To^en  f  aUn  pa  1  through  the  liquid,  wherehy  the  arsemc^gether 

ss  s  ^^^^  «  as 

ke  siUphide  of  »B.uic  is      »  ZSinl^ZSaf  and  the 

of  arsenic  is  ohtained  in  a  pure  state  cyanide  of 

air  by  breaking  ott  the  closed  en^  oi  t  ,  '  ,  ^  f  ^i^e  tube  in 
or  a  low  power  of  the  microscope. 
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CHAPTER  XXI. 
LARD  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  substance,  whether  animal,  vegetable,  or  mineral ;  as  dripping, 
farina  or  flour,  alum,  &c.,  excepting  water  and  salt,  which  should  not  exceed 
two  per  cent,  respectively. 

Lakd  is  the  fat  of  the  pig  freed  from  the  tissues  in  which  the  fatty- 
matter  is  contained.  The  process  by  which  this  is  separated  from  the 
vesicular,  fihrous,  and  vascular  tissues  in  which  it  is  either  enclosed, 
or  by  which  it  is  smTounded,  is  termed  lard  rending. 

The  pieces  of  fat  to  be  converted  into  lard  are  sometunes  salted  a 
little,  the  better  to  ensure  their  preservation,  and  are  stored  in  barrels. 
The  fat  which  immediately  sm-rounds  the  kidneys  yields  the  best  and 
purest  lard ;  this  is  owing  to  its  being  in  a  freer  state,  that  is,  it  is 
less  highly  organised.    The  process  is  as  follows  : — The  pieces  of  fat 
are  scored  or  sliced  into  lesser  portions  of  an  inch  or  so  in  diameter  ; 
they  are  placed,  either  with  or  without  the  addition  of  a  little  water, 
in  cauldrons,  which  are  usually  of  iron.    The  mode  of  applying  heat 
to  the  flare  varies  iu  different  cases.    When  lard  is  made  on  a  small 
scale  the  flame  is  often  applied  directly  to  the  containing  vessel; 
sometimes  the  flare  is  melted  in  a  water-bath,  biit  usually  the  heating 
medium  is  steam,  which  is  contained  in  the  interval  between  the  inner 
and  outer  vessel  or  pan  ;  occasionally  a  jet  of  steam  is  thi-own  directly 
upon  the  flare  contained  in  the  copper.    The  oily  part  of  the  fat  melts 
out  and  floats  on  the  surface,  the  animal  matter  and  tissues  either 
forming  a  scum,  which  is  skimmed  from  time  to  time,  or  sinking  as  a 
deposit.    As  the  oil  has  no  affinity  for  either  water  or  salt,  it  does  not 
take  up  any  of  the  water  which  may  be  present  with  it  in  the  copper, 
while  the  salt  used  to  preserve  the  fat  is  partly  held  in  solution  and 
partly  falls  as  a  sediment.    The  oil,  whilst  still  warm  and  fluid,  is 
turned  out  of  the  copper  through  a  tap,  and  ia  received  either  into 
bladders  or  casks  termed  kegs,  and  hence  the  division  oi  lard,  into 
bladder  lard  and  keg  lard.    It  is  usually  the  best  description  of  lard 
only  which  is  stored  in  bladders,  keg  lard  being  for  the  most  part  of 
inferior  quality.    Good  and  pure  lard  should  be  entirely  free  from 
either  taste  or  smell ;  it  should  be  firm  and  white,  and  when  melted 
be  almost  as  clear  and  transparent  as  water ;  subjected  to  a  tempera- 
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ture  of  about  100°  C,  it  should  liquefy  without  ehuUition,  thus  show- 
ing the  absence  of  water,  and  should  not  throw  down  a  particle  of 
deposit.  Inferior  or  adulterated  lards  possess  characters  and  properties 
almost  the  reverse  of  these.  The  melting  point  of  lard,  as  determined 
by  the  author  with  considerable  care,  ranges  from  42-6  to  44-6,  the 
mean  of  several  observations  being  43-6°0.  According  to  Braconnet 
its  composition  is  as  follows :— Stearin  and  margarin,  38  ;  olem,  62. 

Our  supplies  of  lard  are  derived  principally  from  Ireland,  part  also 
comes  from  America  and  Hamburg,  while  London  and  our  chief  pro- 
vincial cities  possess  lard  manufactories. 


THE  ADTXLTERATIONS  OF  lAED. 

We  have  long  been  aware  that  lard,  like  nearly  every  other  article 
of  consumption,  is  liable  to  adulteration :  indeed,  the  fact  that  it  is  so 
is  very  generally  known  to  dealers,  as  also  the  nature  of  the  principal 
adulterations  practised. 

The  chief  adulterations  of  lard  resemble  those  of  butter,  and  consist 
in  the  incorporation  with  it  of  ivater  and  starch.  Sometimes  the  water 
only  or  the  starch  only  is  had  recom-se  to  ;  in  others  both  these  adul- 
terations are  practised  on  the  same  lard.  .  •  -u 
We  have  ourselves  met  with  many  samples  of  lard  adulterated  with 
potato  flour  ;  but  one  of  the  earliest  to  draw  attention  to  the  subject 
was  ]Mr.  George  Whipple,  in  a  communication  which  he  brought  belore 
the  Pharmaceutical  Society,  and  which  was  noticed  in  its  J oiu-nal  for 
January  1853 ;  in  this  he  states  that  he  had  detected  large  quantities 
of  some  farinaceous  substance  in  lard.  , 

'  This  adulteration,'  writes  Mi".  Whipple,  '  was  discovered  m  the 
different  varieties  of  lard— from  the  finest  bladder  to  the  common 
fii-kin  lard.  In  an  examination  of  the  contents  of  two  firlans,  weighing 
105i  lbs  a  quantity  of  farinaceous  substance,  amounting  to  22^  lbs., 
was  separated.  The  contents  of  another  firkin,  weighing  43^  lbs., 
yielded  12f  lbs.  of  a  similar  substance.^ 

In  the  next  number  of  the  same  .loumal,  Mr.  Calvert,  of  Man- 
chester published  some  fm-ther  observations  on  the  adulteration  of 
American  lard.  He  wiites :  —  '  Diu-ing  the  numerous  analyses  I 
made  some  three  years  since  of  various  articles  of  food  employed  m 
public  establishments,  I  analysed  several  samples  of  American  lard, 
and  therefore  may  add  to  the  fact  already  mentioned  by  Mr.  CTeorge 
Whipple  in  your  last  number,  that  I  found  them  to  contain,  m  addi- 
tion to  starch,  from  10  to  12  per  cent,  of  water,  and  from  2  to  3  per 
cent,  of  alum,  and  about  1  per  cent,  of  quicklime.  . 

'  A  few  months  ago  I  was  able  to  ascertam  that  the  operation  ib 
conducted  in  the  following  manner :—        ,        ,      .  u„j 
'  The  fatty  matters,  such  as  they  arrive  fi-om  America,  are  meltea 
with  a  little  water  in  false-bottomed  copper  pans,  through  which  cir- 
culates a  current  of  steam.    The  dirt  and  other  heterogeneous  matters 
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fall  to  the  bottom  of  the  pans,  and  the  clear  gi'ease  is  allowed  to  run 
into  a  wooden  vessel,  when  it  is  stii-red  in  contact  with  cold  water  ;  it 
is  then  put  under  revolving  wheels  with  a  thick  paste  made  of  potato 
starch,  mixed  with  a  little  potash  alimi  and  quicklime,  which  appears 
to  facilitate  the  taking  up  of  the  water  and  starch  by  the  fatty  matter. 

'  The  cause  of  the  American  lard  appearing  so  white  is,  no  doubt, 
the  division  of  the  fatty  matter  through  the  intei-position  of  the  starch, 
water,  and  alumina. 

'  The  quantity  of  almu  should  be  such  that  a  small  excess  should 
remain  to  prevent  the  starch  from  becoming  mildewed ;  and  I  believe 
that  the  manufactm-er  also  adds  it  for  the  purpose  of  commimicating 
to  the  lard  the  property  of  facilitating  the  raisiug  and  increasing  the 
whiteness  of  the  confectioners'  paste,  in  which  it  is  largely  employed.' 

It  should  be  imderstood  that  American  lard,  as  brought  to  this 
coimtry,  is  not  in  general  adulterated.  The  adulteration  usually  takes 
place  subsequent  to  its  arrival,  and  is  the  work  of  some  of  our  own 
manufactm-ers.  The  reason  why  American  lard  is  so  frequently  selected 
for  adulteration  is,  that  it  is  of  inferior  quality  and  value,  and  so  soft 
as  to  be  almost  fluid,  some  process  of  consolidation  being  indispensable 
before  it  can  be  employed  as  lard. 

From  information  received  from  a  respectable  lard-render,  it  ap- 
pears that  the  addition  of  a  small  quantity  of  mutton  suet  to  lard  is 
veiy  common.  It  is  used  more  particularly  in  warm  weather,  and 
with  soft  lards,  especially  American  lard,  which  differs  from  ordinary 
lard,  in  that  it  consists  of  the  entii-e  fat  of  the  pig  melted  down,  and 
not,  as  is  the  case  with  the  best  English  lard,  of  the  fat  only  which 
surrounds  the  kidneys.  Mutton  suet,  being  a  hard  and  firm  fat,  im- 
parts to  soft  lards,  even  when  added  in  very  small  quantities,  the  con- 
sistence and  solidity  requisite. 

It  appears,  therefore,  that  water,  starch,  alum,  and  caustic  lime 
have  all  been  ascertained  to  be  employed  in  the  adidteration  of  lard. 
To  these  substances  we  may  add  the  following  :— Carbonate  of  soda, 
carbonate  of  potash,  and  salt.  The  whole  of  the  above  adulterations 
may  be  readily  discovered. 

Results  of  the  Examination  of  Samples. 

The  results  of  the  examination  of  upwards  of  100  samples  of  lard 
were  as  follow : — 

1.  That  lard  is  not  unfrequently  extensively  adulterated,  the  inore- 
dients  employed  being  toater  and  potato  flour,  as  well  as  certain 
saline  substances,  as  salt,  potash  alum,  carbonates  of  potash  and  of 
soda,  and  caustic  lime,  these  being  intended  either  to  cause  the  lard 
to  hold  water,  or  to  improve  its  consistence  and  coloiu-. 

2.  That  the  description  of  lard  most  liable  to  adulteration  is  keg 
lard,  and  of  this,  particularly  that  which  is  manufactured  in  Eno-- 
land ;  Irish  keg  lard  being  but  rarely  adulterated.  ° 
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3.  That  of  upwards  of  one  hundred  samples  of  lard  submitted  to 
examination,  and  procured  chiefly  from  retail  dealers,  xeven  were 
found  to  be  adulterated  with  potato  starch. 

The  adulteration  of  lard  prevails  not  only  in  certain  localities,  but 
also  chiefly  at  certain  times— that  is,  whenever  a  sufficient  supply  of 
inferior  lard,  suitable  for  mixing,  can  be  procured  ;  for  it  is  said  not  to 
answer  to  adulterate  a  lard  of  good  quality,  wliich  commands  a  high 
price,  and  which  is  spoiled  by  being  tampered  with. 

It  will  be  readily  perceived  that  the  qualities  of  a  lard  thus  adulte- 
rated must  be  seriously  impaired  for  almost  every  purpose  for  which 
it  is  employed :  thus,  of  course,  it  would  not  be  nearly  so  economical 
for  culinary  purposes.  The  use  of  such  lard  in  machinery^  might,  in 
some  cases,  produce  serious  consequences  by  impeding  its  action. 
Ijastlv,  the  activity  of  all  the  ointments  of  the  Pharmacopoeia,  made 
with  such  a  lard,  would  be  much  injured,  especially  the  simple  and 
compound  iodine  ointments,  which,  if  starch  were  present,  would,  to 
the  astonishment  of  the  dispenser,  tui-n  blue,  or  almost  black,  in  the  act 
of  incorporation. 

The  Detection  of  the  Adulterations  of  Lard. 
The  first  thing  to  be  done  in  order  to  ascertain  whether  a  lard  be 
genuine  or  adulterated,  is  to  melt  it  at  about  a  temperature  of  100°  0. 
If  it  fuse  without  ebullition  or  without  the  occurrence  of  a  deposit, 
we  may  safely  conclude  that  the  sample  is  genuine ;  but  if  ebullition 
talre  place,  or  a  sediment  is  thrown  down,  the  lard  is  unquestionably 

adulterated.  .  . 

Detection  of  wrrier.— The  adulteration  of  water,  and  the  quantity 
present,  may  be  thus  determined :— A  Imown  weight  of  lard,  say  2 
grammes,  is  to  be  exposed  to  heat  until  the  lard  ceases  to  lose  weight ; 
the  loss  indicates  the  quantity  of  water. 

Detection  of  starch.— The  presence  of  starch  may  be  discovered  by 
thoroughlv  mixing  a  drop  of  a  tinctm-e  of  iodine  with  a  few  grains  of 
the  lard,  placed  upon  a  slip  of  glass  ;  the  lard  will  change  colour,  and 
become  deep  blue,  or  almost  blaclr.  If  now  a  little  of  this  be  viewed 
under  the  microscope,  the  starch  corpuscles  will  themselves  be  seen 
coloured  by  the  iodme.  _ 

To  determine  the  kind  of  starch  contained  m  any  sample,  we  must 
use  the  microscope.  A  minute  piece  of  the  lard  should  be  placed  on 
a  glass  slide,  previously  thoroughly  warmed;  the  moment  the  lard  is 
melted  it  must  be  viewed  by  the  object  glass,  when  the  starch  cor- 
puscles will  be  distinguished  standing  out  as  clearly  as  though  tliey 

were  in  water.  i       n  -u 

Another  way  in  which  the  starch  corpuscles  may  be  well  seen  by 
■    the  microscope,  is  to  spread  out  by  gentle  pressure,  between  two  pieces 
of  glass  a  very  thin  stratum  of  the  lard,  or  the  fatty  matter  may  be 
first  removed  by  means  of  ether  and  the  residue  examined. 
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For  the  estimation  of  the  quantity  of  starch  present,  the  lard  should 
be  melted,  and,  while  still  warm,  successive  quantities  of  ether  should 
he  pom-ed  upon  it  until  all  the  fat  is  removed.  The  residue  should 
then  be  dried  in  the  water-bath,  weighed,  incinerated,  and  the  weight 
of  the  ash,  if  any,  subtracted. 

Determination  of  the  saline  matter. — For  the  determination  of  the 
saline  matter,  10  gi-ammes  of  the  lard  should  be  incinerated,  the  ash 


Pig.  136. 


Labd,  adulterated  with  Potato  starch.    Magnified  240  diameters. 


weighed  and  tested  in  the  usual  manner  by  the  processes  for  the  esti- 
mation of  chlorine  and  sulphuric  acid  given  under  'Tea,'  and  of 
Ume  given  in  the  same  article.  The  alumina  may  be  easily  estimated 
by  dissolving  the  ash  in  hydrochloric  acid  and  precipitating  with 
ammonia,  which  will  throw  down  pure  alumina,  which  is  separated  by 
filtration,  washed,  mcinerated,  and  weighed,  as  described  in  the  article 
on  'Bread.' 

The  carbonates  of  soda  or  potash  are  detected  by  the  alkaline 
reaction,  and  the  effervescence  of  the  ash  with  acids.  They  may  be 
estimated  by  extraction  of  the  ash  with  water,  and  taking  the  alka- 
limty  by  means  of  a  standard  solution  of  sulphuric  acid. 
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CHAPTER  XXII. 
ISINGLASS  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADDLTEEATION. 

Admixture  with  gelatin,  or  substitution  thereof  for  isinglass. 
-SX"fa;i.e.W  e«  ^^^^^^^^ 

above  the  centre  of  gravity.    In  "^o"*  j^^^  ^  the  ductm 

oesophagus,  or  stomach,  ^7/,  ^^.^^  J^^frf^™  there 
STonTcl^'^orai^^^^  —eating  hy  a 

sUorttube.  ,  j„  ,,r^  r^f  ATI  external  or  peritoneal  covering ;  a 
„Jfe:  Z^X"St  Zfcr  —  an  internal, 

Silurus  Olanis,  arxA  Sip-inus  Carim         ,    j  ^  ^  different  parts  of 
In  addition  to  the  above,  f  ^^fl^^^V^.X    In  Is^^  York,  from  the 
.the  world  from  several  other  In^^^^^  ^.,^„ed  from 

Lahrus  Squeteacfue,  of  Mitchell.  _  -^^^^^^y^-^^^^^^  ^od,  this  form  being 
the  intestines  olMorrhuavidgar^,ovt^^^^  tsMneA  from  a 

denominated  ribbon  ^^n(/lass.  J^  t^^^^f^^^d  in  Iceland,  from  the 
larcre  fish,  probably  a  species  ot  i>Uw>i^ ,  ana 
CodmALotaMoloaoxLzng  preparation  or 

d/nro?r— gtad^^^^^^  reader  is  refen-ed  to  the  author  s 

'"IS'eTsKort  staple  and  book  isinglasses  are  usually  of  inferior 
r&dition  to  the  isinglass  impo^^^ 
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Indeed,  Brazilian  isinglass  is  only  fit  for  fining  purposes,  and  for  siich 
it  is  almost  wliolly  bought  up  by  tlie  proprietors  of  large  brewing 
establishments,  who  consume  neaa4y  the  entire  quantity  imported. 


Manufacture  of  Isinglass. 

On  the  arrival  of  the  isinglass  in  this  country,  the  best  Irinds  are 
submitted  to  a  com'se  of  preparation  before  they  are  ready  for  con- 
sumption. 

The  Beluo-a  leaf  is  closely  examined,  and  all  discoloiu-ed  parts  cut 
away ;  the  cuttings,  and  other  pieces  not  deemed  good  enough  for  the 
best,  are  placed  aside  as  seconds  or  thirds.  These,  in  some  cases,  are 
used  for  fining  the  better  descriptions  of  ales_,  but  more  generally  for 
wines,  liqueurs,  &c.  It  is  also  rolled  and  cut  into  shreds  for  domestic 
purposes,  where  colour  is  not  an  immediate  object. 

Purse  isinglass  is  mostly  sold  to  the  brewers,  who  consume  a  vast 
quantity  in  the  fining  of  their  several  beverages. 

Long  and  short  staple  isinglass  is  extensively  demanded  by  cider- 
makers,  confectioners,  and  others,  to  whom  it  is  sold  in  the  same  state 
as  imported  into  this  country. 

Leaf  isinglass  taken  from  the  Beluga,  after  having  been  picked 
fi'om  all  impure  or  discoloured  pieces,  constitutes  the  very  best  article, 
either  for  dietetic  use,  or  for  the  higher  class  of  clarifying  purposes. 
This  description  of  isinglass  has  to  undergo  a  process  of  manufacture 
before  it  is  ready  for  use.  What  are  termed  perfect  specimen  leaves 
are  nearly  round,  the  bladder  having  been  opened  _  longitudinally, 
about  two  feet  in  circumference,  and  weigh  from  eight  to  sixteen 
ounces,  according  to  the  thickness  of  the  sound.  It  is  not  uncom- 
mon, however,  to  meet  with  heavier  samples,  some  having  been  known 
to  reach  four  pounds. 

A  steam-engine  of  some  eight  or  ten  horse-power  is  generally  used 
under  the  present  method  of  preparing  isinglass,  the  adjunct  machi- 
nery consisting  of  a  series  of  powerful  rollers,  an-anged  in  pairs  in  a 
manner  resembling  those  used  for  expressing  the  juice  from  the  sugar- 
cane. The  rollers  when  in  motion  are  fed  with  leaf  isinglass  as  fast  as 
possible,  which,  in  passing  between  the  two  rollers,  becomes  amalga- 
mated and  spread  out,  and  is  expelled  from  the  opposite  side  of  the 
rollers  in  one  continuous  sheet.  The  isinglass  thus  rolled  is  called 
*  ribbon,'  but  it  is  not  yet  ready  for  the  process  of  cutting. 

The  sheet  or  '  ribbon  '  is  probably  a  sixth,  eighth,  or  tenth  part  of 
an  inch  in  thickness,  and  as  it  is  necessary  to  reduce  it  until  it  is  as 
thin  as  writing  paper,  it  is  passed  through  rollers  more  closely  se.t, 
until,  as  the  thickness  diminishes,  the  desired  result  is  obtained  ;  the 
width  of  the  'ribbon,'  of  course,  increasing. 

It  is  to  be  remarked  that  in  rolling,  the  ribbon,  being  confined  to 
the  width  of  the  rollers,  generally  about  two  feet,  increases  only  length- 
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wise,  and,  wlien  completed,  can  be  folded  or  rolled  up  iu  the  B&ma 
manner  as  a  length  of  common  linen. 

After  a  brief  delay,  for  the  purpose  of  drying,  the  next  and  last 
process  of  cutting  is  effected.  By  the  introduction  of  modern^  machi- 
nery, this  part  of  the  preparation  of  isinglass  is  performed  with  sur- 
prising celerity,  and  the  material  is  cut  into  very  fine  shreds.  _ 

The  cutting  machine  is  a  cylinder  with  some  five  or  six  keen- 
edged  blades  fixed  in  a  tangential  direction  to  the  cylinder.  The 
same  engine  which  serves  to  roll  out  the  isinglass,  as  already  described, 
suffices  to  turn  this  little  machine  at  the  rate  of  some  800  or  1,000  re- 
volutions per  minute  •,  taking  a  low  estimate,  we  will  suppose  it  turns 
800  times.  On  examining  the  cylinder  we  find  five  or  six  blades  set 
in  it,  and  as  each  of  these  knives  severs  a  shred  from  the  width  of 
the  'ribbon,'  while  the  cutting  process  is  going  on,  it  follows  that 
four  or  five  thousand  shreds  are  cut  in  the  short  space  of  one  minute. 

Such  is  the  plain  and  simple  method  of  preparing  cut  isinglass. 

There  are,  however,  many  consumers  who  still  prefer  the  old- 
fashioned  style  of  hand-cut  isinglass.  In  this  case,  the  thin  leaf  is 
pulled  to  pieces  with  the  fingers  or  divided  into  strips  with  scissors,  a 
work  mostly  performed  by  women. 

The  shreds  of  isinglass,  softened  in  cold  water  and  examined  under 
the  microscope,  are  seen  to  possess  a  fibrous  structure,  a  few  vessels, 
granular  cells,  and  nuclei  being  scattered  here  and  there ;  it  is,  in 
fact,  an  organised  substance  (fig.  137). 


THE  ADULTERATIONS  OF  ISINGLASS. 

The  principal  adulteration  of  isinglass  is  with  gelatin,  an  article  in 
every  respect  inferior  to  isinglass. 

Usually  shreds  of  gelatin  are  mixed  with  those  of  isinglass.^  Occa- 
sionally the  gelatin  is  incorporated  with  the  isinglass  while  it  is  in 

Most  frequently,  however,  gelatin  is  substituted  for  isinglass.  The 
best  isinglass,  of  course,  is  Russian;  this  is  often  deteriorated  by 
admixture  with  a  very  inferior  article,  termed  Brazilian  isinc/lass; 
in  other  cases,  this  is  substituted  for  the  better  and  more  valuable 
description  of  isinglass. 

Results  of  the  Examination  of  Samples, 
Of  twenty-eight  samples  of  isinglass  subjected  to  examination,  ten, 
or  more  than  one-third,  of  the  samples  consisted  entirely  of  gelatin. 


THE  DETECTION  OF  THE  ADULTERATIONS  OF  ISINGLASS. 

Between  isinglass  and  gelatin  several  well-marked  distinctions 
exist  •  some  of  these  are  sufiiciently  simple  to  enable  the  ordinary 
observer  himself  to  distinguish  the  one  article  from  the  other. 
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All  tliat  is  necessary  to  effect  the  discrimination  is  to  spread  a  few 
of  the  filaments  out  on  a  slip  of  glass,  to  moisten  them  with  water, 
and  after  the  lapse  of  a  few  minutes  to  note  weU  the  appearances  pre- 
sented by  them. 

Isinglass  and  gelatin  differ,  especially  in  the  following  characters  : — 
The  shreds  of  isinfflass,  when  immersed  in  cold  water,  become 
white,  opaque,  soft,  and  swollen. 

The  swelling  is  equal  in  all  du-ections,  so  that,  when  viewed  with 


Fig.  137. 


Sections  of  shreds  of  Gelatin  and  Isinglass.  Upper  figure,  Oelatin ;  lower, 
Isinglass.   Magnified  75  diameters. 


a  low  power  of  the  microscope,  the.shi-eds  appear  more  or  less  quad- 
rangular. 

In  boiling  water  they  dissolve  nearly  without  residue. 

The  smell  of  the  dissolved  isinglass,  when  hot,  is  somewhat  fishy, 
but  not  unpleasant. 

The  moistened  shreds,  or  the  solution,  exhibit  to  test  paper  a  neutral, 
or  faintly  alkaline,  and  rarely  a  slightly  acid  reaction. 

H  n  2 
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Under  the  microscope  tlie  filaments  exhibit  a  well-marked  fihrous 
structure. 

In  acetic  acid  they  swell  uj),  and  become  soft  and  jelly-like,  the 
greater  part  of  the  structure  being-  lost. 

Lastly,  '  The  ash  which  results  from  the  incineration  of  prood  Eus- 
sian  isinglass  is  of  a  deep  red  colour  •,  it  contains  but  a  small  portion  of 
carbonate  of  lime,  and  never  amounts  to  more  than  nine  per  cent,  of 
the  isinglass  used.' ^ 

The  shreds  of  gelatin,  on  the  contrary,  when  placed  in  cold  water, 
swell  up,  acquire  increased  transparency,  and  become  translucent  and 
glass-like. 

The  form  which  the  shreds  take  in  swelling  is  peculiar :  they  do 
not,  like  those  of  isinglass,  swell  equally  and  remain  quadrilateral,  but 
become  expanded,  flat,  and  ribbon-like,  the  broad  surfaces  correspond- 
ino-  to  the  incised  margins. 

°  The  dry  shreds  on  the  uncut  surfaces  frequently  present  a  peculiar, 
shining  lustre,  not  unlike  that  of  tinsel. 

In  boiling  water  they  do  not  entirely  dissolve,  but  in  most  cases  a 
copious  deposit  falls  to  the  bottom  of  the  glass. 

The  smeU  of  the  hot  infusion  is  like  that  of  glue,  and  therefore  dis- 
agreeable, n       1  -1  • 
The  moistened  filaments,  or  the  solution  of  gelatin,  usually  exhibit 
a  strong  acid  reaction :  this  in  some  cases  is  due  to  the  substances  used 
in  bleaching  it.                                               n         ,     i  i 

They  show  no  structm-e  under  the  microscope,  but  only  the  marks 
of  the  instrmuent  employed  in  cutting  them. 

Immersion  in  dilute  acetic  acid  hardens  gelatin. 
Lastly,  the  ash  is  different  from  that  of  isinglass  in  amount,  colour, 
and  composition.    '  100  gi-ains  of  gelatin  give  fi-om  2-3  to  2;6  grams 
of  ash,  which  is  white,  contains  much  carbonate  of  Imie,  with  some 
chlorides  and  sulphates.' — Lethehy. 

It  is  therefore  very  easy  to  distinguish  between  isinglass  and  gela- 
tin, even  when  the  shreds  of  the  two  articles  are  mixed  together  in  the 

same  parcel.  i  ^.i 

The  discrimination  is,  however,  much  more  diihcult  wJien  tliey  are 
both  incorporated  in  the  same  shreds  or  stiips  ;  nevertheless,  by  means 
of  the  microscope,  this  adulteration,  first  desciibed  by  Dr.  Kedwood, 
may  frequently  be  discovered.  ,     „  . 

If  on  examination  with  that  instrument,  the  skreds,  after  unmersion 
in  cold  water  for  a  few  minutes,  exhibit  a  thick  border  of  a  clear  and 
structureless  substance,  there  is  no  doubt  but  that  the  shreds  are  coated 

with  gelatin.  ^     j  • 

Some  of  the  better  Irinds  of  Brazilian  isinglass  are  manufactured  m 
the  same  way  as  Russian,  and  sold  at  a  cheaper  rate.  No  doubt,  m 
some  instances,  this  is  mixed  with  or  sold  as  the  best,  and  it  has  been 

1  '  Pharmaceutical  Journal,'  vol.  x.  p.  127. 
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ascertained  that  acids  and  other  chemicals  have  been  used  to  improve 
its  colour  ;  but  the  test  of  good  isinglass  is  in  the  jelly  made  therefrom. 

The  jelly  made  from  Russian  isinglass  dissolves  readily,  furnishes 
scarcely  any  sediment,  and  is  remarkably  firm,  pm-e,  and  translucent. 

On  the  other  hand,  Brazilian  isinglass  makes  a  far  inferior  jelly, 
with  these  remarkable  differences :  that  whilst  Russian  isinglass  is  fii-m 
and  free  from  deposit,  Brazilian  isinglass  leaves  a  deposit  of  insoluble 
matter  amounting  to  20  or  30  per  cent.,  is  less  readily  dissolved,  and 
the  jelly  is  opalescent  and  milky. 

On  making  hlanc-mange  with  the  pm-est  Russian  isinglass,  milk  is 
needed  to  impart  the  snow-white  colom-  of  that  jelly  ;  but  in  the  case 
of  Brazilian  isinglass  hot  water  alone  will  render  it  nearly  of  that 
coloui'.  It  is  almost  needless  to  add  that  the  hlanc-mange  is  much  in- 
ferior in  quality,  and  the  large  percentage  of  insoluble  matter  renders 
the  jelly  proportionately  weak. 

The  quality  of  any  isinglass  may  easily  be  tested  by  dissolving  a 
small  portion  in  a  glass  vessel,  with  about  a  tablespoonful  of  boiling 
water.  _  The  best  Russian  isinglass  will  instantly  dissolve,  and  scarcely 
a  particle  of  sediment  remain;  the  soluble  matter  in  this  article 
being,  according  to  the  best  authorities,  ninety-eight  grains  in  every 
hundi-ed. 

The  same  test  applied  to  Brazilian  isinglass  will  extract  the  gelatin, 
but  the  shreds,  from  their  fibrous  character,  do  not  entirely  dissolve ; 
they  tm-n  white  and  retain  their  form,  unless  distm-bed,  in  which  case 
they  break  up,  and  form  a  deposit  at  the  bottom  of  the  vessel. 

If  Russian' isinglass  be  adidterated  with  Brazilian,  the  admixtm-e 
may  easily  be  detected  by  the  insoluble  shreds,  or  white  deposit,  Avhich 
is  siu-e  to  appear  in  proportion  to  the  amount  of  Brazilian  isinglass 
that  may  be  introduced.  The  smell  of  the  latter  also  is  strong,  far 
from  pleasant,  and  forms  a  great  contrast  with  the  faint,  inoffensive, 
seaweed-like  odom-  of  Russian  isinglass. 
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CHAPTER  XXIII. 
GELATIN  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  addition  of  salt  or  sugar. 
PEEPABATION  OP  GELATIN. 

We  have  been  at  some  pains  to  procure  the  foUowing  information 
respectino-  the  mannfactnre  of  gelatin. 

Ordinary  gelatins  are  made  from  those  pieces  of  skms  which  are 
cut  off  by  the  tanner  as  unfit  for  malring  leather,  in  consequence  of 
thickness.  The  best  description  is  prepared  from  the  skins  oi  calves 
heads  -/these  are  separated  from  the  whole  skins  after  they  have  passed 
through  the  process  of  liming,  to  remove  the  hair  from  them 

The  sldns  are  next  well  washed  to  get  nd  of  the  lime,  and  aU  the 
pieces  of  flesh  and  fat  are  carefully  cut  out ;  some  manufacturers  soak 
them  for  a  short  time  in  a  dilute  solution  of  muriatic  acid,  to  remove 
any  remaining  portion  of  lime  ;  but  this  practice  is  bo  h  injurious  and 
nnUofitable.  The  acid  forms  with  the  lime  ^^^'^^ .'^'^^'^'^^l 
wlSch,  if  it  is  not  carefully  removed  by  washing,_  is  boiled  up  with  the 
S  and,  being  soluble,  remains  in  the  gelatin;  a  portion  of  the 
tins  is  afso  dissolved  by' the  acid,  and  is  thrown  away  m  the  water 
employed  in  washing  them,  which  thus  occasions  a  loss  m  weiglit.^ 

^l7some  cases  the  sldns  are  boiled  whole,  in  othei;s  they  are  cut  into 
small  pieces,  or  even  reduced  to  a  pulp  by  a  machine  especially  con- 

nnt'^n:r?rinto  ^ne  pieces  ^tead  of  being  put  into  t^^^^^ 
boiler  whole,  the  gelatin  wiH  be  better,  that  is,  it  wall  be  of  a  bghter 
SuTand  the  process  is  more  economical,  as  one-ha  f  the  time  w  U 
be  saved  in  the  boiling,  and  much  less  heat  and  fuel  required.  As 
the  Slatin  is  darkened  by  prolonged  boiling,  the  reduction  of  the 
Mns  to  a  pulp  is  a  point  of  /ery  great  importance  in  ^"-^-fl^^^^^ 
of  gelatin-so  much  so,  that  Mr.  Swinbm-ne  has  obtained  a  patent  for 

%rsJi's°'anS?^th  water,  in  the  proportion  of  about  one 

.aUon  of  water  to  seven  pounds  of  sMn;  a  ^^^^^l  -f //"Tn?,t 

SltTs  added  to  preserve  the  gelatin.    After  it  has  boiled  for  about 
w  I'e  hours,  it  iLtrained  and  clarified  with  f  |f  ^^s  S 

run  upon  glass  plates ;  as  soon  as  it  is  sohd,  it  is  cut  into  shce.  ana 
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laid  upon  nets  to  dry,  in  a  room  lieated  to  a  temperature  of  about  80°. 
If  the  room  is  not  heated,  the  sm-face  of  the  gelatin  becomes  covered 
with  small  air-bubbles ;  when  the  gelatin  is  dry  it  is  cut  by  a  machine 
in  the  same  manner  as  isinglass. 

The  size  of  the  glass  plates  varies  according  to  the  fancy  of  the 
manufacturer.  The  ordinary  size  is  lifteen  by  eighteen  inches,  but  in 
some  cases  they  are  three  feet  square ;  the  plates  or  slices  of  gelatin 
are  generally  about  fifteen  inches  long  by  thi-ee  wide. 

Though  the  skin  of  the  head  of  the  calf  only  is  used  for  making 
gelatin,  the  whole  of  the  skins  both  of  the  calf  and  ox  are  perfectly 
adapted  for  the  purpose,  but  are  not  used,  as  they  are  much  more 
valuable  for  conversion  into  leather. 

In  some  cases,  especially  in  warm  weather,  the  sMns  used  are  some- 
what decomposed,  but  this  is  not  generally  the  case.  This  condition, 
although  removed  to  some  extent  by  repeated  washings,  cannot  be 
entirely  remedied ;  hence  gelatin  made  from  such  damaged  sMns  will 
always  retain  a  smell  and  taste  more  or  less  disagreeable. 

French  gelatin  is  usually  much  whiter  than  English ;  this  is  owing 
principally  to  the  calves  being  Irilled  in  France  much  younger  than  in 
this  country. 

Gelatin  is  likewise  prepared  from  the  bones  of  the  ox  and  the 
sheep.  It  is  obtained  by  boiling  bones  in  water  under  pressure.  It 
is  more  readily  procm'ed  by  employing  bones  which  have  been  pre- 
viously digested  in  hydrochloric  acid  to  extract  the  phosphate  of  lime. 
'In  this  way  a  nutritious  soup  is  prepared  in  Paris  for  the  hospitals 
and  other  pauper  habitations.  Gelatin  has  been  extracted  from  ante- 
diluvian bones.  A  soup  was  prepai-ed  from  the  bones  of  the  great 
mastodon  by  a  prefet  of  one  of  the  departments  of  France.' — Pei-eira, 

In  the  '  London  Journal  of  Arts  and  Sciences,'  a  publication  which 
contains  the  specification  of  new  patented  inventions,  we  find  the 
following  description  of  a  patent  granted  to  George  Philbrick  Swin- 
bm-ne,  of  Pimlico : — 

'  The  patentee  commences  his  specification  by  stating  that  hereto- 
fore, in  manufacturing  gelatin,  it  has  been  usual  (with  one  exception) 
to  act  on  large  pieces  of  hides  or  skins,  and  to  employ  acids  and 
alkalies,  together  with  mechanical  and  other  processes,  which  occupy 
considerable  time,  and  are  likewise  costly ;  and  in  the  excepted  case 
above  referred  to  it  has  been  the  practice  to  reduce  the  pieces  of  hide 
into  the  state  of  pulp  in  a  paper-machine,  and  then  to  employ  blood 
to  purify  the  product  obtained. 

'  This  invention  consists  in  the  following  more  simple  mode  of 
manufacturing  gelatin: — The  patentee  takes  hides  or  skins,  or  parts 
thereof,  as  fresh  and  as  sweet  as  possible,  and  free  from  hair,  and  he 
reduces  the  whole  into  shavings  or  thin  slices  or  films,  by  any  suitable 
instrument ;  he  soaks  the  shavings  or  films  for  about  five  or  six  hoiu-s 
in  cold  water,  and  then  changes  the  same  ;  he  repeats  such  changing 
of  the  water  two  or  three  times  each  day,  until  no  smell  or  taste  is  to 
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be  detected,  either  in  the  water  or  in  the  shavings,  and  then  he  removes 
the  shavin-s  from  the  water.  If  this  product  is  intended  for  soup,  it 
is  dried  on  nets,  and  is  then  ready  for  iise.  If  gelatin  ls  to  he  ex- 
tracted, the  shavings,  after  the  above  soaking,  are  put  into  a  suitable 
vessel,  with  a  quantity  of  water,  sufficient  to  cover  them  when  pressed 
down  and  they  are  subjected  to  a  heat  not  exceeding  boihng  water. 
WheA  dissolved  the  gelatin  is  to  be  strained  thi'ough  linen  or  other 
fabric,  subiected  to  slight  pressm-e  with  the  hands  or  otherwise  or  the 
solution  miy  be  permitted  to  run  off  from  the  vessel  without  sti^in- 
ino-  bv  which  means  much  of  the  gelatin  will  be  separated  from  the 
fibrous  matters.  The  product  of  gelatin  thus  obtained  is  run  in  thin 
films  on  to  a  smooth  sm-face  of  slate,  or  other  suitable  material,  to  set ; 
it  is  then  r&moved  on  to  nets  to  dry,  and  when  dry  it  is  cut  up  with 
an  isinglass  cutter  or  other  suitable  apparatus.  The  residue,  dried  or 
not,  may  be  used  for  thickening  soup,  and  other  culmarj-  purposes. 

'  Another  manufacture  of  gelatinous  substances  is  produced  by  the 
followiu'^  process,  from  cod  sounds,  or  other  fishy  matters  capable  ot 
vieldiuo-^'a^latin:— These  matters  are  reduced  to  shavings  or  thin 
mms,  soaked  in  water,  subjected  to  the  action  of  heat,  and  the  gelatin 
strained  or  run  off  as'above  described.  The  patentee  obtained  a  t^st, 
second,  and  third  product  of  gelatin,  which  he  forms  into  sheets,  and 
when  dry  cuts  up  the  same  with  an  isinglass  cutter  This  manufac  ure 
If  gelatiJ  wiU  be  found  highly  useful  as  a  cheap  substitute  for  isinglass 

fnto^'leS^  is  used  in  large  quantities  by  papei-makei^,  straw 
hat  and  silk  manufacturers;  but  these  parties  generally  pm-chase  the 
dkirm  and  nrenare  the  gelatin  themselves.  _  . 

uXkeSin^Lsthes^  of  gelatin,  as  already  noticed,  examined 
with  tie  mici-oscope,  are  seen  to  be  composed  of  a  transparent  and 
•nerfectlv  homoo-eneous  substance  (see  fig.  la/j- 

^  Glue  is  quite  a  distinct  manufactm-e  fi-om  gelatin,  and  is  seldom 
carried  on  by  the  same  parties.  It  is  made  fi'om  bones,  refuse  pieces  ot 

'"""firrgelttiu'when  quite  pure,  is  colourless,  transparent,  elastic  and 
yet  brittle,  tasteless  and  odom-less,  heavier  than  t->.-^^^^^^^^^ 
Plnnlinl  m'  ether    When  immersed  m  cold  water  it  swells  up  ana 
aS  Sout  40  per  cent,  of  that  liquid.    It  is  soluble  in  hot  water 
and  is  Piedpitated  from  its  concentrated  aqueous  solution  by  alcohol. 

JoCd  boiling  it  loses  its  power  of  gelatimsmg,  and  the  solu- 
Sn  on  evaporation  leaves  a  residue  whicb  attracts  moistm-e  from  he 
ail    It  contains  a  smaU  quantity  of  sulphur,  and  yields,  as  the  average 

p11  the  reliable  analyses  made,  17-9  per  cent,  of  nitrogen. 
"  pieci^^^^^^^^^  by  tannic  acid,  bSt  not  by  salts  of  lead,  almn,  or 

iSqtoltLion  is  very  prone  to  puti^faction ;  it  beconies  acid^ 
and  aftXards  gives  off  amionia  fi-eely  This  property  of  hrst  be- 
coming acid  is  said  to  be  peculiar  to  gelatin. 
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Gelatin  is  dissolved  by  coucentrated  sulphuric  acid  iu  the  cold. 
The  solution,  wheu  diluted  with  water  aud  boiled,  yields  leucin  and 
(jhjcodn  or  siujar  of  (jelatin.  By  boiling  a  solution  of  gelatin  with 
dilute  sulpluuic  acid  for  several  days,  Gerhard  obtained  sulphate  of 
ammonia  and  a  considerable  quantity  of  saccharine  matter  convertible 
into  alcohol  and  cai-bonic  acid  by  fermentation.  - 

It  is  oxidised  by  boiling  nitric  acid,  oxalio  acid  and  other  com- 
pounds being  formed. 

Gelatin  dissolves  phosphate  of  lime,  forming  with  it,  iu  some 
instances,  chemical  combinations. 

The  precipitate  of  gelatin  with  gallo-tannic  acid  is  insoluble  in 
water,  alcohol,  and  ether;  and  when  dried  contains  about  74-6  per 
cent,  of  gelatin,  but  the  composition  of  the  precipitate  does  not  appear 
to  be  very  constant. 

Gelatin,  according  to  Liebig,  possesses  tlie  property  of  inducino- 
saccharification.  r   r    j  o 


THE  Ar-DXTEEATIONS  OP  GELATIN-. 
The  addition  of  a  small  quantity  of  salt,  with  the  view  of  ensmino- 
the  preservation  of  the  gelatin,  is,  of  course,  allowable ;  but  salt  il 
Irequently  added  m  large  quantities ;  it  then  causes  the  o-elatin  to 
absorb  moistui-e  from  the  atmosphere,  whereby  its  weight  is  much 
increased.  ° 

In  some  cases,  gelatin  is  adulterated  with  sugar,  either  brown 
or  white,  not  to  any  considerable  extent,  except  with  some  of  the 
mteiior  qualities,  such  as  are  so  largely  used  by  the  mauufactm-ers  of 
canister  meats. 

The  jellies  in  bottles,  and  those  sold  by  confectioners  as  isino-kss 
and  calves  feet  jelly,  consist  principaUy  of  gelatin  variously  flavoiu-ed. 
Jellies  made  from  calves'  feet  are  much  less  fii-m,  and  dissolve  quicker 
than  those  made  from  gelatin,  if  kept  in  a  warm  room. 

THE  DETECTIOlf  OF  THE  ADTJLTEEATIONS  OP  GELATIN. 

The  adulteration  of  gelatin  with  salt  may  be  thus  detected-— 10 
gTammes  of  the  gelatin  must  be  incinerated  and  the  ash  tested  for 
salt^the  quantity  of  which  present  may  be  determined,  if  necessary, 
by  the  process  given  under  '  Butter.'  ^ 

For  the_  detection  of  the  sugar  the  following  process  may  be  fol- 
lowed :-Dissolve  the  gelatin  in  water  ;  precipitate  with  tannic  acid ; 

°^  l^ytlie  addition  of  a  solution  of 

acetate  of  lead,  filter  again,  and  free  the  filtrate  from  lead  by  means  of 
fn^^^f^'^'l  J^ydrogen.^  Convert  the  cane  sugar  into  glucose  by  boil- 
solutTon  «^^P^^^-^°  acid,  and  estimate  the  sugar  with  the  copper 

tinn'^n''l^.T^'*^'^i'?•  ^'''^'^T'^ '-^oit^^  the  gelatin  by  macera- 
wThetelar"'  '"^  "  ^ 
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CHAPTER  XXIV, 

UNIVHOLESOME  AND  DISEASED  MEAT. 

Oloselt  connected  witli  the  subject  of  the  adultoration  of  food  is  the 
condition  as  to  soundness  and  wholesomeness  of  the  various  article, 
consumed  as  food,  and  with  this  subject  it  is  necessary  that  the  analyst 
shoSd  he  acquainted,  as  he  will  often  he  called  on  for  Ins  opinion  and 
aS  We  have  already  referred  to  the  case  of  damaged  Aour  hut 
in  the"  present  article  we  propose  to  treat  somewhat  at  length  of 
umvholesome  and  diseased  meat.  .  , 

17-^11  assist  the  understanding  of  what  foUows  if  we  give  the 
analysis  and  composition  of  fresh  meat,  as  also  of  its  ash. 


Composition  of  Fresh  Meat. 
(Moleschott ;  mean  of  many  analyses.) 

Water       .      •       •       •  .  • 
Soluble  albumen  and  htematin  .      •  • 
Insoluble  albuminous  substances,  as  fibrm 
Gelatinous  substances 
Fat    .      .      •  • 
Extractive  matters  . 
Kreatin 

Ask    .       .       .  • 


1 


3-4 

2-  25 
5-2 

3-  3 
2-87 
1-38 
00G8 
1-G 


Composition  of  the  Ash  of  Meat. 
(Parkes'  '  Hygiene,'  p.  1G7.) 


Total  ash,  per  cent  of  undried 

substances  . 
Chloride  of  sodium 
Chloride  of  potassium 
Potash  . 
Soda 
Lime 
Maffnesia 

Oxide  of  iron  or  phosphate 
Phosphoric  acid 
Sulphuric  acid 
Chlorine 
Silica 


Fresli 
Beef. 


Salt 
Beef. 


Fresh 
Pork. 


Ham  (T 
Salt  Pork. 


1-6 

0-310 
0-LW 
0-640 
0-026 
0-051 
0-023 
0-011 
0-435 
0036 

0-014 


1-5 
0-691 

0-398 

0-012 
0-030 
0-017 
0-346 
0010 

0-004 


1-11 
0-012 

0-420 
0-045 
0-083 
0-004 
0-494 
0-054 


6-« 
5-7 
0-173 
0-350 

0-027 
0-035 
0-006 
0-312 
0013 
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It  will  he  observed  that  the  above  analyses  take  no  notice  of  the 
carbonic  acid  vrhich  occiu-s  in  the  ash  of  meat,  and  which  is  said  to 
amount  to  8  or  9  per  cent.  This  is  supposed  to  be  derived  from  the 
destruction  of  the  lactic  acid  dming-  incineration. 
_  _  It  is  stated  that  an  ox  should  weigh  not  less  than  600  lbs.,  but 
it  IS  sometimes  as  much  as  double  this.  A  cow  may  weigh  consider- 
ably less  than  the  above.  An  ox  yields  about  60  per  cent,  of  meat, 
exclusive  of  head,  feet,  lungs,  and  intestines,  but  a  pig  as  much  as  80 
per  cent,  of  available  food.  A  sheep  weighs  from  60  to  90  lbs.  Talrino- 
the  whole  animal,  20  per  cent,  should  be  allowed  for  the  bones.  ° 
_  _  It  is  not  easy  to  determine  the  age  of  an  animal  when  living,  and 
It  IS  still  more  difficult  to  do  so  when  dead.  The  indications  of  the 
age  are  mainly  fm-nished  by  the  teeth  and  horns,  but  the  details  are 
too  technical  to  be  described  in  this  place.  They  will  be  found,  how- 
ever, in  Parkes'  '  Hygiene.' 

GENEEAL  CHAEACTEES  AND  EXAMIiVATIOlSr  OF  MEAT. 
The  muscles  of  sound  flesh  should  be  firm,  elastic,  pale  for  the 
yoimg  animal  and  darker  coloured  for  the  old  one,  and  when  cut 
across  a  httle  reddish  jiuce  shoiUd  flow  out  after  some  time.  The 
flesh  should  not  be  of  a  deep  piu-ple  tint,  as  this  is  a  sign  that  the 
animal  has  not  been  slaughtered,  but  has  died  without  being  bled 
Lhere  should  be  no  unpleasantness  of  odom-  and  no  smell  of  phvsic 
tor  diseased  meat  has  a  sickly  corpse-like  smell.  ' 

There  should  be  no  marbling  of  the  flesh  or  softening  or  puru- 
lent fliud  m  the  intermuscular  cellular  tissue.    'Bad  meat  is  wet 
-SSe&y    '''     '''  ^'^^  lite  jeUy  or  wet  parchment.' 

The  fat  shoiild  be  firm  and  without  being  marked  with  hismor- 
rhagic  spots.  Meat  as  it  becomes  putrescent  begins  to  emit  an  im- 
pleasant  odoiu-,  the  fibres  become  paler  or  even  tm-n  greenish  Parkes 
says  It  IS  a  good  plan  to  push  a  clean  knife  into  the  flesh  up  to  the 
hilt  In  good  meat  the  resistance  is  uniform,  while  in  putrefvino- 
meat  some  parts  are  softer  than  others.  The  smell  of  the  knife  is  alsS 
a  good  test.    Cysticerci  and  trichince  should  be  searched  for 

In  temperate  pHmates,  twenty-foiu- hours  after  kUling,  the  marrow 
of  the  hind  legs  is  of  a  light  rosy  red  colom-  and  moderated  fii-m  If 
it  IS  soft  brownish,  or  exhibits  black  points,  the  animal  has  been  sick 
or  putrefaction  has  commenced. 

The  lungs  and  Uver  should  both  be  examined  with  a  view  to  dis- 
cover m  the  one  case  and  in  the  other  Bistoma 

Pffp;tf  j"^^!"^  f       1"^"*^      "^^^t  is  to  observe  the 

effects  of  coolang,  to  ascertain  how  much  it  loses  in  roasting  and  boil- 
ing, and  whether  the  meat  becomes  hard  or  not. 
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Again,  the  microscope  is  capable  of  allbrding  valuable  information 
as  to  the  quality  and  condition  of  meat ;  whether  the  muscles  are 
sound,  over-fat,  or  changed  by  decomposition  or  disease.  In  the  cattle 
pla-nie  they  are  said  to  be  in  a  degenerative  condition.-  Further  it  is 
bv  means  of  the  microscope  that  the  presence  of  the  various  parasites 
which  infect  the  flesh  of  animals  is  discovered.  »    .  ,  .        .  , 

Oare  must  be  taken  not  to  confound  the  capsules  ot  tnchmse  with 
Rniney's  capsules,  caUed  27Soros})ermia.  These  are  almost  transparent 
bodies,  oval,  spindle-shaped,  sometimes  pointed  at  one  end  and  rounded 
at  the 'other,  or  they  are  kidney-shaped.  , -t.   ^  r    *  i 

The  investing  membrane  of  these  capsules  exhibits  delicate  mark- 
ings,  caused  by  a  linear  arrangement  of  minute  hair-like  fibres.  '  Thev 
sometimes  are  pointed,  and  their  appearance  under  a  high  power,  1,UUU 
diameters,  is  as  if  the  investment  consisted  of  very  delicate,  transparent, 
conical  hairs,  terminating  in  pointed  processes.  The  contents  of  these 
cvsts  consist  of  granular  matter,  the  gi-auides  or  particles  of  which  when 
matm-e  are  oval,  and  which  adhere.together  so  as  to  form  mdistoct 
divisions  of  the  entii-e  mass.  The  length  varies  from  to  4  ot  an 
inch.  They  are  usuaUy  narrow ;  they  lie  within  the  sarcolemma  and 
aT)pear  often  not  to  irritate  the  muscle.'— Pwr/ces. 

No  iniurious  eff"ects  have  been  produced  on  men  by  these  bodies, 
notwithstanding  the  fi-equency  of  theii-  occm-rence  in  the  flesh  ot 
domestic  animals,  nor  indeed  have  they  ever  been  found  m  the  muscles 
of  men  ;  but  in  the  pig  they  have  been  productive  of  illness,  particu- 
lar^ paralysis  of  the  hind  legs  and  a  uodidar  eruption.  In  sheep 
they  somet:imes  affect  the  muscles  of  the  gixllet,  producing  swelhngs, 
often  as  large  as  a  nut,  and  containing  a  miUcj^  P'j'f^'^l-^T^^.lpi.'dt: 
which  contains  myriads  of  these  capsules.  Sheep  thus  afiected  often  die 

^'^'^SL  also  temed  psorospermia—oi  an  oval  or  I'ounded  form— 
accordino-  to  Parkes,  '  at  first  with  granular  contents  and  then  with 
a-iitSions  of  granules  into  three  or  fom-  romided  bodies,  on  which 
sometMng  like  a'nucleolus  is  seen,'  have  been  met  with  m  the  liver 
and  other  parts  of  the  rabbit,  in  the  dog,  and  m  the  liver  of  man.  They 
are  quite  distinct  from  Rainey's  corpuscles. 

POISONOtJS  BUT  NOT  DISEASED  MEAT. 
Tt  is  well  known  that  the  flesh  of  animals  not  diseased  may  pro- 
duce iniiu-ious  and  even  poisonous  symptoms.    This  must  ai-ise  m 
some  Sses  from  the  presence  in  the  animals  themselves  of  some 

^"'The"  SLis  Miow  especially  the  consmnption  of  certain  desci-ip- 
tions  of  fish.  Pappenheim  gives  a  Ust  of  no  less  than  forty  fishes 
wHch  sometimes  eLt  poisonous  effects.    Among  these  are  Clupea 

Z  yelloiv-Ul  ed  sprat:  Aplodactylus  punctatm  or  bladder  fsh,  and 
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Goracinus  fusctis  major,  or  grey  mapper.  So  venomous  are  some 
ot  these  fish  that,  when  eaten  by  other  fish,  the  flesh  of  these  in  their 
turn  also  becomes  poisonous.  It  is  related  that  the  yellow-billed 
sprat  IS  so  poisonous,  that  persons  who  have  partalcen  of  it  have  been 
known  to  expire  with  the  fish  in  their  mouths.  The  efiects  produced 
by  eajmg  the  bladder  fish  are  ahnost  as  great.  ^ 

,M"lf'tn  vmenosa  is  only  poisonous  at  a  particular  time,  and  it  is 

thfcrit  ttVlX "^^^''^'^ 

Oysters  and  musseh,  even  when  imdecomposed  and  in  ^ood  con- 
aition,  have  also  been  known  to  produce  similar  symptoms 

^^•t^^^.'^T'^f''  ^K^^',^      ^^^P'lf'       apparently  diseased,  has 
gi\en  rise  to  diarrhoea  and  other  choleraic  symptoms 
times  from  T"^""^  poisonous  efiects  have  been  known  to  result  some- 
tunes  hom  bnne  which  has  been  used  several  times.   These  nrobablv 

Ihus  the  flesh  of  hares  which  have  fed  upon  the  Rhododendron 
c/..g.«„;/,e„  that  of  birds  is  sometimef  rSSed  so 

wholet^^^^^^^^  To*;  f '''"'^^  '"^?f  ^ '  -^"^  i«  related  tSat  a 
naa  eaten  the  leaves  of  Coriana  myrtifolia.  Ao-ain  milk  nPfpn 
rendered  poisonous  by  the  herbage  upon  ihich  the°cTws  W  fed? 

PtTTEIH  MEAT. 

There  does  not  appear  to  be  any  reason  to  beUeve  that  as  a  rnlp 

ToducHv^^^  • '^-^  """^  ^^'^  less  dlm^'osed 

productive  of  injurious  consequences.    Nearly  aU  game  is  somewhat 

Thrrfo  StC^r  ^''^^  ^^^^^  eLt:rar:n^t 

mimity!  '^o^^^-i^^tes  greatly  to  this  im- 

r.n^Sn^i''  "''"'^  consumption  of  meat  altered  bv  decom 

Crt^phut  '°  ^^^-^-^^  symptomVrSm- 

W.'T  ir^lT^  partiaUy  decomposed  sausages  and  pork  pies 

Decomposing  moUusca  also  sometimes  produce  marked  symptoms  of 
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poisoning,  but  ordinav.y  fish  in  a  state  of  decomposition  do  not  usually 
give  rise  to  any  bad  eilects. 

DISEASED  MEAT. 

The  flesh  of  animals  killed  on  account  of  recent  accidents  may,  as 
miffht  be  supposed,  be  eaten  with  impunity.  3-     .  -n  t 

The  flesh  of  overdriven  and  tortured  animals,  according  to  Professor 
Gamoee,  often  contains  a  poison  which  produces  an  eczematou.s  eru],- 
tion  Sf  the  sldu  of  those  who  handle  it,  and  the  eatmg  of  such  flesh  is 
said  to  have  been  attended  with  injurious  effects.  _ 

The  meat  of  animals  which  have  suffered  from  some  simple  vnflam- 
matory  disease,  as  pneumonia,  and  which  have  been  killed,  is  commonly 
eaten  and  also  without  injiu-ious  effects,  provided  the  mfiammation  has 
not  progressed  to  the  stage  of  the  formation  of  matter  or  pus. 

THE  DISEASES  OF  CATTLE. 

Many  of  the  particulars  embraced  under  the  above  heading  are 
taken  from  Parkes'  '  Practical  Hygiene.' 

The  principal  diseases  to  which  cattle  are  subject  are  eindemrc 
plexa  o-imeumZia,  which  has  the  symptoms  of  _  ordinary  plem-o-pneu- 
monia  but  is  distinguished  by  its  being  epidemic. 

FoTand  mouth  diseccse,  also  termed  murram  or  Eczema  eptzooUccu 

Cattle  plague  ov  rinderpest,  Typhus  contagiosus,h.^siov  ^ts  Wtoms 
great  and  earlv  prostration,  shivering,  rmming  from  the  eyes,  no.e,  and 
mouth  abdominal  pain  and  diarrhcsa. 

Antta'-  or  malignant  pustule,  if  combined  with  erysipelas,  E>j- 
sipets  carhunculosuk,  is  called  black  quarter;  quarter  dl,  or  hlacl 

Of  course  cattle  ai-e  subject  likewise  to  a  variety  of  other  diseases 
includinHr^^^^^^^  f^'"'" 

^^""theep  are  subject  to  the  same  diseases  as  oxen  and  cows,  but  they 

™^|ht?Sso  liable  to  smallpox;  Variola  ovina.^ 

Ihey  a'i  also  subject  to  a  so-caUed  pMJnsis,  which  is  produced  by 
iney  die  ^         j  ^  ^  Strongplusf  laria. 

*^'Sir  n  atiSto  ottr  diseases  alreadfnotiid,  suffers  from 

a  dili-dir  wSch  has  been  called  hog  cholera,  and  which  is  supposed  to 

'^VhJfl/ro?'a^jSf  which  have  suffered  from  chronic  u^i^!g 
disel^es  i!  it^ly  pale,  and  is  very  prone  to  midergo  putrefaction.  It 
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frequently  gives  rise  to  siclmess  and  diarrhoea,  the  effect  of  partaking'  of 
the  diseased  meat  manifesting  itself,  as  might  have  been  expected,  first 
on  the  gastro-intestiual  canal. 

The  evidence  hitherto  obtained  goes  to  show  that  the  flesh  of 
animals  which  die  of  epidemic  jileuro-jmeumonia  may  be  eaten  without 
injury,  but  Dr.  Livingstone  states  that  the  use  of  this  flesh  produces  car- 
buncle, and  the  virus,  he  affirms,  is  not  destroyed  by  boiling  or  roasting. 
'  Now  it  is  a  remarlcable  circmnstance,'  writes  Dr.  Letheby,  '  that  ever 
since  the  importation  of  this  disease  into  England  from  Holland  in 
1842,  the  annual  number  of  deaths  from  carbuncle,  phlegmon,  and  boils 
has  been  gradually  increasing.' 

There  is  no  doubt  but  that  the  consumption  of  the  flesh  of  animals 
which  have  been  affected  with  malignant  pustule  is  attended  with 
danger.  The  increase  in  the  number  of  cases  of  malignant  pustide  in 
man  has  been  ascribed  to  this  cause.  It  has  also  been  supposed  that 
boils  are  produced  by  the  use  of  meat  of  this  kind.  It  is  certain  that  the 
disease  maybe  communicated  to  the  human  subject  by  inoculation. 

On  the  other  hand,  several  instances  have  been  recorded  in  which 
no  ill  effects  have  been  produced  by  partaking  of  the  boiled  or  roasted 
flesh  of  animals  so  diseased,  and  this  in  cases  in  which  it  was  readily 
propagated  by  inoculation. 

The  flesh  of  animals  affected  with  black  quarter,  or  Erysipelas  car- 
bunculosus,  which  possibly  is  but  a  modification  of  malignant  pustule 
has  also  been  known  to  give  rise  to  fatal  disease.  °  ' 

With  regard  to  the  effects  of  the  consumption  of  the  flesh  of  sheep 
who  have  died  of  splejiic  apoplexi/  or  braxt/,  the  evidence  is  ao-aiu  very 
contradictory,  but  there  is  no  doubt  that  it  does  give  rise  to  blood- 
poisoning  and  to  death  in  some  cases.  It  would  appear  that  pigs,  dogs 
and  fowls  are  less  affected  by  it  than  sheep,  goats,  or  horses.  Dr.  Smith 
states  that  the  shepherds  in  the  Highlands  of  Scotland  eat  by  pre- 
ference braxy  sheep  and  are  quite  healthy,  but  then  the  flesh  is  never 
cooked  until  it  has  been  steeped  for  two  months  in  brine,  and  has  been 
suspended  for  some  time  from  the  kitchen  roof.  It  is  preferred-  to 
ordinary  salt  mutton,  because  of  its  possessing  somewhat  the  flavour  of 
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Dr.  Letheby  writes,  in  reference  to  this  question— '  Every  now  and 
then,  however,  when  perhaps ^the  diseased  parts  have  not  been  entirely 
removed,  or  when  the  salting  has  not  been  sufficiently  prolono-ed  or 
the  cooking  has  not  been  thoroughly  effected,  the  most  serious  con- 
sequences result  from  it,  insomuch  that  many  medical  practitioners 
,  who  are  acquamted  with  the  habits  of  the  Scotch  shepherds  in  this 
respect,  and  have  seen  the  mischief  occasioned  by  the  meat,  declare 
that  braxy  mutton  is  a  highly  dangerous  food  for  man.' 

The  flesh  of  animals  affected  with  the  smalljiox  produces  siclmess 
and  diarrhoea,  with  sometimes  febiile  symptoms. 

No  ill  effects  have  been  traced  to  the  use  of"  meat  which  has  been 
affected  by  the  foot  and  mouth  disease. 
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-.1  in  tlip  pffects  of  the  use  of  the  flesh  of 

The  evidence  ^"th  respe  t  to  t^^^^  el  e  ts     ^^^^^^^^^  contradictory, 

aBimal8_  which  ^^ve  chedof      ^^^^^^^^^  i,^punity.  Kenault 

but  it  IB  certain  that  it  from  the  cooked  flesh  of 

asserts  that  no  ^^Bger  is  to  he  ap^^^^^^^^^^      ^  ^ 

^l^SJ^Z:^:^^^^  ui  of  the  flesh  of  pigs  which 
pear  to  exert  any  injurious  effects. 

PABASITIC  DISEASES. 

Measles  in  the        }^,^  ^l^^Z^rX^^^ 
Cysticercus  ceUulosm     -^1^^  ^ esi^ie^  ^^.^^^^     ^^^^  ^^^^^^ 

are  of  ahout  the  size  of  ^J^^^ned  w  th  a  low  power  of  the  microscoF, 
eye,  their  natm-e,  when  exaim^^^^  l^^^^       distinguished  in 

heing  readily  ^^^f  Gained     iliey  m  y  conjunctiva,  or 

the  mucous  memhrane  j^^^^^^^^^^^'^^^^^^^  a  small  piece  of  mus- 
sometimes  they  may  J^^^^.^^^t^o^ry  other  convenient  part.  In 
cular  tissue  removed  f^'^^^^I^^^J^fto  cause  t  flesh  when  cut  to  emit 
some  cases  they  are  so  a^^^'^^^^^^^^' '-erthey  are  of  extremely  common 
a  craclding  -nd.    M^^^^^^^^^  does  not  kiU  them  and 

occurrence,  as  "i.f^oitn  w  es  temperature  of  100  0. 

they  may  he  readily  detected  in  salted  me^^  the  flesh  containing  them, 
is  slid  ii  kill  the  <^J^'^^f^;i^^:T^tl  sort  of  tuhercidated  head, 
'  The  sac  contams  a  f  ^^/^^^^^^       having  a  hladder-like  _  tai  at- 
crowned  with  a  coronet 

tached  to  it.   Soon  ^^f^^^^^^X^  liherated,  passes  into  the 

hy  the  gastric  ]uice,  aj^^  ^^^^^^^  f'^y  its  little  hooks,  and  qmckly  grows, 
intestines  and  there  fixes  ^J^^"  "^_i,^7,,6y.  . 
joint  after  joint,  into  a  taP^'^o"^-  j.  ^^^^^  animals  besides  the  pig, 
The  cysticercus  occm-s  ^^  f"^^''^  °.  .-ige  to  the  variety  of  tape- 
as  the  ox.  The  cysticercus  ol  tj^e  F  g  j 
™  c^alledJ-^'^^^JthUewC  introduced  into  the  .stomachs  of 
canellata.    The  ova  hatched,  passing  like  the 

cocJ,  hecomes  ^"^^^XS^^^^       ^''^  ^"^^^ 
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of  the  flesh  should  be  immersed  iu  a  sohition  of  liquor  potassas,  con- 
tainino:  1  part  of  the  alkali  to  8  of  water,  and  allowed  to  remain  for  a 
few  minutes  only  until  the  muscle  becomes  clear ;  if  allowed  to  remain 
too  long  the  trichinse  wiU  be  destroyed.  The  white  specks  then  become 
clearly  visible,  and  the  worm  will  usually  be  seen  coiled  up,  and,  if  not 
visible,  it  may  often  be  rendered  so  by  the  addition  of  a  di-op  or  two  of 
weak  hydrochloric  acid.  The  parts  said  to  be  most  infested  are  the 
diaphragm,  the  intercostal  muscles,  and  those  of  the  eye  and  jaw. 

The  presence  of  trichinte  during  life  may  sometimes  be  determined 
by  an  examination  of  the  muscles  under  the  tongue. 

Pork  infected  with  trichinse  'is  generally  darker  than  usual  on 
account  of  the  irritating  or  inilammatoiy  action  of  the  creatm-e  lodged 
in  the  miiscles,  and  when  the  parasite  is  encysted  the  meat  presents  a 
speckled  appearance,  the  minute  white  cysts  containing  the  worms 
being  just  visible  to  the  naked  eye.'  As  found  in  the  hmnau  subject  it 
is  usually  in  the  encysted  state,  '  when  it  has  passed  beyond  its  dan- 
gerous condition  and  has  become  harmless.  In  most  cases,  when  thus 
discovered,  there  is  no  record  of  its  action,  and  therefore  it  was  once 
thought  to  be  an  innocent  visitor,  but  we  now  know  that  while  it 
was  free,  that  is,  before  nature  had  barricaded  it  up  in  the  little  cyst, 
its  presence  was  the  cause  of  frightful  disorder,  killing  about  50  per 
cent,  of  its  victims  in  terrible  agony.' — Lethehy. 

The  young  worms,  being  hatched  in  the  body,  migrate  to  all  the 
muscles, '  causing  the  most  excruciating  pain,  so  that  the  patient,  fearing 
to  move  his  inflamed  muscles,  would  lie  motionless  on  his  back  ;  and,  if 
he  did  not  die  in  this  state  of  the  disorder,  nature  came  to  the  rescue 
and  imprisoned  the  creatm-e  by  sm-rounding  it  with  a  fibrinous  cyst, 
where  it  lives  for  years,  being  ready  at  any  moment  to  acquire  activity 
when  it  is  swallowed  and  released  from  its  cell.' — Lethehy. 

The  ordinary  mode  of  their  propagation  is  by  eating  the  raw  or  im- 
perfectly cooked  flesh.  Cooking  and  smoking  the  flesh  are  but  imper- 
fectlypyotective.  A  temperature  from  66°  to  68°  0.  destroys  the  trichiuEe, 
but  cold  and  decomposition  of  the  meat  do  not  impair  their  vitality. 

The  rot. — Another  disease  occasioned  by  a  parasitic  animal,  the 
fluke,  Dtstoma  hejjoticum,  is  the  rot.  This  infests  particularly  the 
livers  of  animal  and  men,  sheep  being  very  liable  to  it,  especially  in 
wet  seasons. 

'The  way  in  which  the  disease  is  produced  in  sheep  is  curious. 
Ova  are  passed  from  the  gall-bladder  of  infected  animals  into  the  in- 
testines, and  so  upon  the  land  ;  finding  a  moist  situation  they  are  soon 
hatched  into  ciliated  embryos,  which  swim  about  and  become  de- 
veloped into  cylindrical  sacs  of  minute  hydatids  ;  these  attach  them- 
selves to  some  moUusc,  as  a  small  snail.  In  wet  weather  the  infected 
snails  crawl  upon  the  gi-ass  and  are  eaten  by  the  sheep,  and  then  the 
hydatid  speedily  changes  his  condition  and  becomes  a  fluke.  When  it 
is  found  in  the  body  of  man  it  has,  perhaps,  been  drunk  with  water  or 
eaten  with  some  aquatic  plant,  as  watercress,  &c.' — Lethehy. 
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There  is  uo  evidence  to  show  that  the  liver  of  the  sheep  containinfr 
iluhcs  or  echinoeocci,  when  consumed  in  this  country,  gives  rise  to  the 
same  disease,  but  in  Iceland  the  disease  is  derived  rom  sheep  and 
cattle,  which  in  their  turn  become  infected  through  the  taenia  ot  the 
doe-  The  symptoms  of  fluke  disease  are  dulness,  a  rapid  wasting, 
diarrhoea,  yellowness  of  the  eyes,  falling  of  the  hair,  and  dropsical 

^^^\%^Sn};yhis  JUaria.—ThiB  parasite  occurs  m  the  lungs,  giving  lise  to 
a  disease*  of  those  organs  resembling  phthisis. 

In  times  of  scarcity  of  meat,  as  in  war,  it  may  be  necessaiy  to  allow 
of  the  use  of  the  meat  of  diseased  animals,  but  m  this  case  certain 
precautions  should  be  observed.  The  animals  should  be  bled  freely, 
the  flesh  or  muscles  only  should  be  used,  and  the  meat  should  be 
thoroughly  cooked.  The  flesh  of  animals  aff-ected  with  smallpox, 
'  cysticerci  and  trichince  should  not  on  any  account  be  used. 
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OflAPTER  XXV. 

POTTED  MEATS  AND  FISH  AND  THEIR 
AD  ULTERA  TIONS. 

DEFINITION  OP  ADULTEKATION. 

Meat  or  fish  not  acknowledged  in  the  names  under  -which  the  articles  -  are  sold, 
and  any  foreign  vegetable  or  mineral  substance. 

Potted  meats  and  fisli  are  adulterated,  first,  by  admixtiu'e  with  sub- 
stances added  for  the  sake  of  bulli,  weight,  and  cheapness ;  and  second, 
with  others  designed  to  heighten  their  colour. 

Thus  they  are  sometimes  adulterated  with  large  quantities  flour, 
and  in  other  cases,  it  is  alleged,  with  even  chalk  and  plaster  of  Paris. 

_  Again,  sjvats  and  other  cheap  fish  are  often  ground  up,  and  after 
being  seasoned,  are  sold  either  in  the  separate  or  mixed  state  for  real 
Gorgona  paste. 

Lastly,  the  majority  of  these  pastes  were  formerly  very  commonly 
colom-ed  with  large  quantities  of  Venetian  red  and  hole  Armenian. 

EESTTLTS  OF  THE  EXASIXiSrATIOIf  OP  SAKPLES. 

Twenty-eight  samples  of  potted  meats  and  fish  were  examined  a  few 
years  since,  and  with  the  following  results  : — 

1.  The  samples  of  potted  tongue  and  ham  were  entii-ely  free  from 

adulteration. 

2.  Fom-  out  of  the  five  samples  of  potted  See/"  were  artificially  coloured 

by  means  of  the  red  earth,  hole  Armenian. 

3.  The  whole  of  the  samples  oi^Jof.ted  hloaters  examined  were  highly 

colom-ed  with  the  before-named  earthy  substance. 

4.  One  of  the  samples  of  hloater  j^aste  was  adulterated  in  addition 

with  a  large  propoition  of  starch  or  fiour,  probably  wheat  flour 
boiled. 

0.  The  entire  of  the  samples  of  anchovy  paste  analysed  were  still 
more  highly,  and  even  vividly,  colom-ed  with  very  large  quantities 
of  hole  Armenian. 

6.  Two  of  the  anchovy  jmstes  were  in  addition  adulterated  with^owr  ; 

one  with  a  large  percentage  of  ivheat  flour. 

7.  Of  the  twenty-eight  samples  of  j^otted  meats  and  flsh  subjected  to 

analysis,  no  less  than  twenty-three  were  more  or  less  impregnated 
with  the  red  earthy  material,  hole  Armenian. 


484    POTTKD  MEATS  AND  FISH  AND  THEIIl  ADULTERATIONS. 

l'S™l>VS',Te  to  which  this  Bcandalou. 

S'4e7Xwhr^S:SCSk'or  animal  e,e.  p»sen«,  it  being 
'  ^l!  ieleport  on  lottled  anchovies  we  hive  shown  that  one  of  the 

"%rSet„oot^pot« 

IX  :;^SS;™:ted  a  1  P-te.  they  .nst  fe  entire,,  con- 

ingi-edient  in  loole  Armenian     f      f  "^^^^V^  of  preiudicial  effects ; 

mi,M  ^-^^Z^^Zt  ol^e:  £d  eaX^e  Lei,  and  these,  as 
hut  it  sometimes  happei^s  that  0^^^^^^  Armenian  itself,  are 

well  5ad    S^^^^  .ufc^«,i.e««o/.  o/^Ae 

contaminated  with  led  leaa.  /  ^.,„ij.gp^  toithout  loivever,  we 

above  twenty-eight  ^-^^^^^^X^^^^^ 

^C^SSi'rASSK^^^^  ^»  To  the  addition  of 

mix  with  the  Pftecl  meats.  particularly,  and 

'  I  can  say  for  a  f^^'^^^^^^^ifiX.uarters,  of  horses,  are  -eneraUy 
'X\:'^f:TXer^^^^^^        ^s  as  they  are  called  with 
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us,  and  for  sausages  and  polonies.  I  understand,  also,  from  those 
who  have  heeu  in  the  habit  of  malring  them,  that  horseflesh  materially 
assists  the  making  of  sausages  ;  it  is  a  hard  fibrine,  and  it  mixes  better 
and  keeps  them  hard,  and  they  last  longer  in  the  shop-window  before 
they  are  sold,  because  otherwise  the  sausages  run  to  water  and  become 
soft  and  pulpy.  I  believe  horseflesh  also  materially  assists  German 
sausages ;  it  keeps  them  hard.' 

To  the  above  account  we  may  add  that  German  sausages  and  po- 
lonies were  at  one  time  frequently  coloured  with  large  quantities  of 
Venetian  red  or  reddle. 

DEXECTION  OF  THE  ADTTLTERATIOjSTS  0]?  POTTED  MEATS  AJSD  EISH. 

As  we  have  seen,  the  chief  adulterants  of  these  articles  are  flour 
or  starch,  red  ferruginous  earths,  as  Venetian  red  and  reddle,  and 
sometimes,  it  is  alleged,  carbonate  or  sulphate  of  lime.  Methods  have 
been  given  elsewhere  in  this  work  for  the  detection  and  estimation  of 
each  of  these  substances,  so  that  it  is  unnecessary  to  repeat  them  in 
this  place. 
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CHA.PTER  XXVI. 

ANCHOVIES,  THEIR  SUBSTITUTIONS  AND 
ADUL  TERA  TIONS. 

DEFINITION  OF  ADULTERATION. 

Admixture  with  or  substitution  of  any  other  fish  than  the  anchovy- ;  bole 
armenian  or  any  other  coloured  earth. 

We  find  but  little,  in  works  on  the  adulteration  of  food,  in  reference 
to  the  substitution  of  inferior  kinds  of  fish  for  this  j-ch  est^^^^^^^^ 
virietv  althouo-h,  if  common  report  is  to  he  credited,  hut  tew  articles 
r  con^irption  are  more  subject  to  substitution  and  adulteratioa 
IrtheZchov^,  whether  in  the  entu-e  state  or  in  the  forms  of  paste 

^"*^Orth;  present  occasion  we  have  to  treat  of  the  entire  fi^^  only 

Before  proceeding  to  give  the  results  of  the  exammation  and 
analyses  of  wToti  samples  of  anchovies,  as  vended  in  the  me topolis, 
r  St  an  original  fig^^e,  as  also  a  -i-tific  descn^ion  o^  the  fish, 
tnlfPu  from  Yarrell's  excellent  work  on  the  British  Fi^^hes  .—  _ 
^eSic  cM^  from  the  hemng  m  havmg  the 

fit"  tollowed  Dr.  Fleming  in  pveser^ng  to  ^V^^^^^.m^ 

^^f*^XkX^4^S!^Fvo..  it,  called  ~  wa.  in  gvea.  e..^- 
tT,  eim  i-an-e  is  extended  into  the  Blaoli  Sea. 
/The  /.SS  tor  theni  ie  carried  on  dm-ing  the  night,  andbghteare 

rex  tr.W;'St"'L".ed  .  ha.„g  heen 
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taken  on  the  coast  of  Wales  ;  Pennant  obtained  it  near  his  own  resi- 
dence, at  Downing  in  Flintshire  ;  and  Mr.  Bicheuo  Las  very  recentlj' 
obtained  several  on  the  coast  of  Glamorganshire.  It  is  said  to  be  sold 
frequently  in  Liverpool  market,  and  is  reported  to  be  at  tliis  time  an 
inhabitant  of  the  piece  of  water  below  Blackwall,  called  Lagenham 
Keach, 

'  Its  range  to  the  north  is  extensive,  as  it  is  occasionally  taken  in 
the  Baltic,  and  on  the  coast  of  Noway;  but  is  not  included  by  Linnaeus 
in  his  Fauna  Suecica. 

'  The  anchovy  appears  to  attain  a  much  larger  size  than  has  usually 
been  accorded  to  it:  from  four  to  five  inches  in  length  is  the  niore  or- 
dinary size ;  but  Mr.  Couch  says — '  I  have  seen  it  in  the  Cornish  seas 
of  the  length  of  seven  inches  and  a  half;  and  I  have  met  with  speci- 
mens from  autmnn,  through  the, winter,  to  the  middle  of  March.  It 
is  therefore  probable  that  a  fishery  might  be  established  with  good 
prospect  of  success,  for  though  the  nets  employed  for  other  lish  can 
take  but  few  of  them,  the  numbers  found  in  the  stomachs  of  the 
whiting,  and  other  ravenous  fishes,  show  that  they  are  in  considerable 
abundance. 

'  The  anchovy  is  immediately  recognised  among  the  species  of  the 
family  to  which  it  belongs  by  its  sharp-pointed  .head,  with  the  upper 
jaw  considerably  the  longest.  The  length  of  the  head,  compared  with 
the  length  of  the  body  alone,  is  as  one  to  thi-ee  ;  the  depth  of  the  body 
but  two-thirds  of  the  length  of  the  head,  and  compared  to  the  length 
of  the  whole  fish,  is  as  one  to  seven;  the  first  ray  of  the  dorsal  fin 
arises  half  way  between  the  point  of  the  nose  and  the  end  of  the  tieshy 
portion  of  the  tail ;  the  third  ray  of  the  dorsal  fin,  which  is  the  longest, 
is  of  the  same  lengih  as  the  base  of  the  fin  ;  the  pectoral  fin  small ; 
the  ventral  fins  arise  in  a  vertical  line  in  advance  of  the  commencement 
of  the  dorsal  fin,  which  is  over  the  space  between  the  ventral  and 
anal  fins ;  the  base  of  the  anal  fin  is  as  long  as  the  distance  from  its 
commencement  to  the  origin  of  the  ventral  fins ;  the  rays  sh6rt ;  the 
tail  deeply  forked.    The  fin  rays  in  number  are : — 

D,  14;  P,  15;  V,7;  A,  18;  C,  19. 

The  breadth  of  the  eye  is  one-fifth  of  the  length  pf  the  whole  head ; 
the  peculiarity  in  the  comparative  length  of  the  jaws  has  been  pre- 
viously noticed ;  the  gill  covers  are  elongated  ;  the  scales  of  the  body 
large  and  deciduous ;  the  colour  of  the  top  of  the  head  and  back  blue, 
with  a  tinge  of  green  ;  irides,  gill  covers,  sides  and  belly,  silvery  white; 
the  fins  delicate  in  structm-e,  and  greenish  white ;  the  membranes  con- 
necting the  ravs  almost  transparent. 

'  In  a  series  of  notes  on  the  occurrence  of  rare  fish  at  Yarmouth  and 
its  vicinity,  with  which  I  have  been  favom-ed  by  Dawson  Turner,  Esq., 
there  is  mention  of  a  specimen  of  the  ancho%7,  taken  on  the  beach, 
which  measured  six  inches  and  a  half  in  length  ;  an  additional  proof  of 
the  large  size  acquired  by  this  fish  on  our  shores.' 
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To  the  above  we  would  add  a  description  of  the  condition  of  the 
trae  anchovy  when  bottled. 

The  head  and  intestines  are  removed ;  the  scales  and  fins,  with  the 
exception  of  the  pectorals,  are  allowed  to  remain ;  the  fish  is  of  small 
size,  silveiy,  and  rather  flat,  the  line  of  the  back  slig'htly  cm-ved,  and 
the  flesh  is  usually  of  a  piuli  or  salmon  colour,  the  depth  varying  con- 
siderably in  different  samples  according  to  age  :  if  an  anchovy  be  three 
months  pld,  it  will  be  pale  ;  if  six  months,  rather  pink ;  and  if  twelve 
months,  a  beautiful  deep  pink  colour. 

The  number  of  the  fin-rays,  which  may  be  counted  in  the  fish  in  its 
preserved  state,  is  gi'eater  than  that  given  in  the  description  we  have 
quoted  ;  thus,  when  complete,  the  dorsal  fin  is  composed  of  sixteen 
rays,  the  anal  fin  of  nineteen,  and  the  caudal  of  tweut3r-six  rays. 

Anchovies  are  imported  in  barrels,  and  are  preserved  in  brine  made 
with  rock  salt ;  the  bottling  is  performed  in  this  countrj'',  chiefly  by 
wholesale  pickle  and  fish-sauce  makers. 

THE  ADULTBRATIOCN'S  OP  ANCHOVIES. 

Several  kinds  of  fish  are  either  substituted  for,  or  mixed  with,  the 
genuine  Gorgona  anchovy. 

The  chief  of  these  are  Dutch,  French,  and  Sicilian  fish,  and  occa- 
sionally Sardines  and  Sprats. 

In  addition,  the  brine  in  which  the  fish  are  preserved  is  almost  in- 
variably highly  colom'ed  with  large  cxuantities  of  hole  Armenian  and 
Venetian  red. 

Bole  Ai-menian  is  a  red  ferruginous  earth,  often  prepared  artificially 
by  mixing  together  Venetian  red  and  chalk.  The  reason  of  its  being 
added  to  anchovies,  it  is  alleged,  is  to  improve  the  appearance  of  the 
fieh ;  but  the  real  reason  is  to  conceal  the  dirt  contained  in  the  brine 
which  surrounds  the  fish. 

In  eating  anchovies  some  persons  first  wash  the  fish,  by  which 
means  they  no  doubt  get  rid  of  much  of  the  red  earth  and  dirt ;  but 
others  eat  the  fish  just  as  it  comes  out  of  the  brine. 

From  an  examination,  made  some  years  since,  of  twenty-eight 
samples  of  ancho-vies,  mostly  in  bottles,  it  appears. 

That  sevm  of  the  samples  consisted  entirely  of  Dtjtch  pish. 
That  two  consisted  of  a  mixture  of  Dutch  pish  and  Anchovies. 
That  the  brine  in  twenty-three  of  the  samples  was  charged  with  either 
hole  Armenian  or  Venetian  red,  the  quantity  varjdng  considerably 
m  amount ;  but  in  most  cases  the  brine  was  satiu-ated  with  these 
earthy  powders  to  such  an  extent  that  they  might  be  obtained 
and  collected  from  the  bottom  of  the  bottles  ahnost  by  tea- 
spoonfuls. 

It  is  not  to  be  inferred  that  those  samples  in  which  no  Dutch  fish 
were  detected  consisted  of  the  true  anchovv,  since  we  have  ascertained 
that  two  other  kmds  of  fish  besides  the  Dutch  are  commonly  imported 
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and  sold  as  '  true  ahcliovies,'  and  '  real  Gorgonas,'  namely,  French  and 
Sicilian  lish. 

Now,  we  have  no  douht  hut  that  the  majority  of  the  ahove  samples 
consisted  entirely  of  one  or  other  of  these  fish  ;  we  hesitate,_however,  to 
pronounce  a  positive  opinion  in  each  case.  Although  it  is  not  difii- 
cult  to  distinguish  French  and  Sicilian  fish  from  the  Gorgona  an- 
chovy when  first  taken  from  the  barrels  in  which  they  are  imported, 
yet  when  contained  in  hottles  the  discrimination  is  often  a  matter  of 
considerable  difficulty,  and  in  many  cases  is  even  scarcely  possible. 
This  arises  from  the  squeezing  and  mutilation  of  the  fish  in  the  pro- 
cess of  bottling,  as  well  as  from  the  altered  appearance  due  ^to  the 
led  earthy  matters  with  which  they  are  commonly  covered.  Whether 
those  engaged  in  the  trade  are  acquainted  with  any  practical  charac- 
ters by  which  the  discrimination  of  the  fish,  even  when  thus  altered, 
may  be  eft'ected  we  know  not. 

■  We  have,  however,  much  reason  to  think  that  Sicilian  and  French 
fish,  notwithstanding  their  resemblance  to  the  ti'ue  anchovy,  may  be 
distino-uished  by  experienced  persons,  even  when  bottled.  With  a 
view  to  determine  this  point,  we  forwarded  to  a  person  engaged  in  the 
anchovy  trade  twelve  of  the  samples  referred  to,  each  being  labelled 
with  a  distinct  number  ;  the  following  is  his  report : — 

7.  Dutch,  inferior. 

8.  Sicilian,  good  quality. 


1.  Gorgona. 

2.  French  fish. 

5.  Ditto. 

4.  Gorgona,  not  fine. 

6.  Sicilian  fish. 
6.  Gorgona. 


9.  Gorgona. 

10.  Dutch  fish. 

11.  Sicilian. 

12.  Sicilian,  best  quality. 


If  this  list  be  correct,  then  sroT  one-third  of  the  twentx-eight 

SAMPLES  EXAMINED  CONSISTED  OF  GOEGONA  AnCHOVIES. 

The  practice  of  imparting  an  unnaturally  red  colour  to  the  fish  and 
brine,  by  means  of  Venetian  red  and  bole  Armenian,  is  m  the  highest 
deo-ree  reprehensible.  To  saturate  an  article  of  food  with  large  quan- 
tities of  earthy  colomiug  matter  is  objectionable  on  the  score  _ot 
cleanliness:  it  is  equaUy  so  as  regards  health,  for  this  earth  contams 
a  large  quantity  of  iron.  Now,  this  medicine  is  not  suited  to  all  cases 
and  it  may  even,  in  some  instances,  be  productive  of  mischief ;  at  aU 
events,  when  it  is  desirable  to  take  iron,  we  should  prefer  that  it  be 
prescribed  under  the  advice  of  a  physician,  and  not  admimstered  m 
an  article  of  food  by  om-  grocer,  fishmonger,  or  Italian  warehouse- 


man 


Again,  it  occasionaUy  happens  that  Venetian  red  contains  red  lead ; 
and  although  in  the  analyses  we  have  made  we  are  happy  to  state  that 
we  have  not  detected  that  jwisonous  metallic  oxide  m  a  single  s«7»;j/e, 
there  is  no  question  but  that  red  lead  is  occasionally  to  be  found  in 

^^^^^ihoviSyeven  when  thus  coarsely  reddened,  and  put  in  glass 
bottles,  are  not  particularly  sightly  objects.    Both  for  convemeuce 
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and  appearance  it  would  be  mucli  better  that  they  should  be  enclosed 
in  open-mouthed  earthen  jars,  which  might  be  made  of  different 
]^atterns,  and  as  ornamental  as  desu'ed ;  by  this  means  the  necessity 
lor  colom-ing  would  be  done  away  with,  and  there  would  be  no  occa- 
sion to  use  wax  and  resin,  themselves  frequently  colom-ed  with  red 
lead,  to  coat  the  corks,  and  some  of  which  substances,  on  the  bottles 
being  opened,  usually  find  then*  way  into  the  contents.  Now  that 
glass  is  so  cheap,  if  bottles  continue  to  be  used  they  should,  at  all 
events,  be  fm-nished  with  glass  stoppers  in  place  of  corks. 


THE  DETECTIOIir  OP  THE  ADTTLTEEATIONS  OE  ANCHOVIES. 

_  The  Dtitch  fish  may  be  distino'uished  from  the  true  anchovy  by 
Its  bemg  invariably  deprived  of  its  scales,  by  its  large  size,  white 
flesh,  general  coarseness,  and  by  the  very  evident  scale-marks  which 
extend  over  the  whole  sm-face.  The  fins  have  the  same  disposition  as 
the  true  anchovy,  and  the  same  number  of  rays. 

The  French,  and  especially  the  Dutch,  fish  are  not  only  of  much 
less  value,  but  also  greatly  inferior  as  articles  of  diet  to  the  true 
anchovy.  The  difterence  in  their  cost  may  be  estimated  by  the  fact 
that  dealers  find  it  worth  their  while  to  mix  them  in  difterent  pro- 
portions in  even  the  same  bottle.  There  is  no  difficultv  in  distin- 
guishing the  Dutch  fish  by  the  characters  pomted  out  above  ;  but  it 
wouM  be  very  difficult  to  discriminate  between  the  larger  samples  of 
the  French  anchovies,  when  denuded  of  their  scales,  and  that  which 
in  this  article  is  denominated  Dutch  Jish,  and  hence  we  infer  that  the 
two  may  possibly  be  separate  states  and  conditions  of  one  and  the  same 
species. 

_  The  French  fish  is  caught  ofi"  the  coasts  of  Nantes  and  Nice,  and  is 
imported  into  this  countiy  in  barrels  packed  in  brine  made  with  rock 
salt. 

It  closely  resembles  in  its  characters  the  true  anchovy,  and  is  pro- 
bably of  the  same  genus.  Like  the  anchovy,  it  is  deprived  of  its  head 
and  intestines,  but  the  scales,  and  not  unfi-equently  the  branchial  rays 
and  pectoral  fins,  are  entire.  Moreover,  the  fish  is  usually  somewhat 
larger,  thicker  across  the  back,  tapers  more  towards  the  tail,  and  the 
flesh  IS  much  whiter  than  the  Gorgona  anchovy.  These  diff-erences 
however,  are  not  sufficiently  marked  in  general  to  allow  of  this  fish' 
when  bottled,  being  satisfactoiily  distinguished  from  the  true  anchovy 
by  an  oi-dmary  observer.  Its  commercial  value  is  about  one-half  that 
01  tne  Lxorgona  anchovy. 

The  Sicilian  Jish  resembles  the  Gorgona  anchovy  very  closely  of 
wi'  .l^-^T^®'         considered  to  be  th'e  young,  it  being  smalier. 
VV  hether  it  be  a  state  of  that  species  or  of  the  same  genus  we  are  not 
able  to  determine  with  certainty;  its  value  is  at  least  one-third  less 
man  tnat  oi  the  Gorgona  anchovy. 

In  none  of  the  samples  have  we  met  with  either  sprats  or  sardines^ 
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althoiigli  there  is  no  doubt  that  hoth  these  fish  have  been,  and  are 
still  occasionally,  sold  as  real  Gorgona  anchovies.  The  sprat  may  he 
readily  distinguished  from  the  anchovy  by  the  dorsal  fin,  which  con- 
sists of  seventeen  rays,  hut  more  particularly  by  the  position  of  the 
ventral  fin,  which  is  placed  in  a  vertical  liue  directly  under  the  first 
dorsal  fin-ray. 

The  sardine  is  a  shorter  and  thicker  fish  than  the  anchovy ;  it  has 
white  flesh,  and  the  relative  position  of  the  ventral  and  dorsal  fins  is 

difi'erent.  . 

The  detection  of  Venetian  red  and  hole  Armenian.—  Ihe  presence  ot 
these  earths  is  sufficiently  indicated  by  the  red  colour  of  the  brine  and 
by  the  colour  and  earthy  character  of  the  precipitate.  In  order  to 
obtain  them  in  a  separate  state,  the  fish  should  be  repeatedly  washed, 
the  washings  and  the  briue  evaporated,  the  residue  treated  with  water 
to  dissolve  out  the  salt,  and  then  incinerated  and  weighed  finally,  the 
ash  must  be  tested  for  iron  and  chalk  according  to  the  processes  abeady 
given. 
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CHAPTEE  XXVII. 

THE  ADULTERATION  OF  BOTTLED  FRUITS  AND 
VEGETABLES. 

DEFINITION  OB'  ADULTERATION. 

Copper  or  any  foreign  colouring  matter. 

Aif  attentive  exaininatioii,  with  the  eje  alone,  of  various  samples  of 
GEEEif  bottled  fi'uits  and  vegetables  served  to  raise  suspicion,  and  to 
produce  the  impression  that  the  method  of  preservation  adopted  by 
modern  preseiTers  of  these  articles  was  not  quite  so  harmless  as  that 
originally  proposed  by  IVIi-.  Saddington.  We  felt,  indeed,  a  strono- 
conviction  that  the  same  means  of  coloration  was  resorted  to  in  the 
case  of  bottled  fruits  and  vegetables  as  in  that  of  pickles.  In  order  to 
detei-mine  whether  this  conviction  was  well  founded  or  not,  we  insti- 
tuted a  series  of  rigorous  analyses. 

The  extraordinary  effect  of  copper,  in  heightening  and  renderino- 
permanent  the  gi-een  colour  of  fruits  and  vegetables,  is  exerted  upon 
the  green  contents  of  the  cells,  the  chlorophylle,  and  hence  it  is  the 
colom-ed  portions  of  vegetables  and  fruits,  as  those  invested  by  the 
epidermis,  which  are  most  affected  by  this  substance.  The  copper 
used  accumulates  in  this  membrane  as  a  salt— as  an  acetate,  a  citrate 
or  a  malate  of  copper.  / 

The  presence  of  copper,  however,  in  fruits  and  vegetables  is  not 
contmed  to  the  coloured  portions ;  it  penetrates  thi-ough  the  whole 
tissue ;  and  a  considerable  part  of  the  metal  used  even  remains  diffused 
throug;hout  the  fluid  in  which  the  vegetable  substance  is  contained  • 
hence  it  is  desirable  to  analyse  for  copper  not  only  the  preserved  article' 
itaelt,  but  also  the  flmd  m  which  it  is  immersed. 

Results  of  Analyses  of  Samjjles. 

7%»-iy-/oMr  samples  of  different  kinds  of  bottled  fruits  and  veo-e- 
tebles  were  subjected  to  chemical  analysis.  From  these  analyses  the 
lollowing  conclusions  were  deduced :—  j  ° 
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1.  That  of  the  thirtAj-three  samples  of  preserved  fruits  and  vege- 

tables, seven  were  free  from  contamination  tcith  copper. 

2.  That  twmty-seven  samples  were  more  or  less  impregnated  with  that 

metal. 

8.  That  traces  of  copper  toere  discovered  in  t?iree  of  the  samples. 

4.  In  seve7i  of  the  samples  copper  tvas  present  in  small  amount  only. 

5.  Eight  samples  contained  it  in  considerable  amount. 

6.  In  si'r  samples  the  metal  loas  present  in  very  considerable  amoimt. 

7.  Four  of  the  samples  contained  this  poisonous  impregnation  in 

very  large  quantities. 

8.  That  the'  samples  of  limes  contained  copper,  the  one  in  small 

amount  only,  the  other  in  amount  more  considerable. 

9.  That  the  gooseberries  contained  a  considerable  amount  of  copper,  and 

some  samples  even  a  very  large  quantity. 

10.  That  the  rhubarb  contained  an  amoimt  of  copper  even  more  coiv- 

siderahle,  some  samples  being  contaminated  with  it  to  a  very 
large  extent, 

11.  That  the  greengages  contskn&A.  a  still  greater  quantity  of  copper, 

the  metal  being"  frequently  present  in  highly  dangerous  amounts. 

12.  In  olives  this  p)oisonous  impregnation  was  in  the  largest  amount, 

although  its  effect  in  heightening  the  colour  of  the  fruit  is  less 
marked  than  in  the  other  cases. 

13.  The  preserved  red  fruits,  as  cim-auts,  raspberries,  and  chenies,  were 

not  as  a  rule  contaminated  with  copper. 
The  absence  of  copper  in  red  fi-uits,  and  the  variation  of  the  quan- 
tity of  that  metal  in  green  fruits  according  to  the  requirements  in 
each  case,  afford  clear  evidence  that  this  dangerous  impregnation  does 
not  arise  from  the  mere  use  of  copper  utensils,  but  that  it  is  piu-posely 
introduced,  the  quantity  being  systematically  adjusted  in  different 
proportions,  determined  by  the  kind  of  fruit  to  be  preserved. 

That  this  conclusion  is  correct  is  also  shown  by  the  fact,  that  accord- 
ino-  to  the  method  of  preparation  usually  pm-sued,  the  fruit  or  vegetable 
does  not  come  in  contact  with  copper. 

The  fruit  or  vegetable  is  taken  directly  from  the  baskets  or  sieves 
in  which  it  is  received  from  the  coimtvy,  and  carefidly  packed  in 
bottles  •,  these  are  next  filled  up  with  a  liquid,  consisting  of  water 
holding  a  small  quantity  of  alimi  in  solution ;  they  are  then  loosely 
corked"^  and  submitted  for  a  certain  time  to  the  heat  of  a  water-bath, 
so  as  to  ensure  the  coagulation  of  the  vegetable  albumen :  they  are 
afterwards  more  tightly  corked,  tied  over  with  sti-ing  or  wire,  and 
further  secm-ed  with  resin  and  bladder,  or  with  a  metallic  capsule; 

The  presence  of  copper,  then,  in  bottled  fruits  and  vegetables  can 
only  be  explained  on  the  supposition  that  it  is  pm-posely  introduced ; 
and  this  is  really  the  case. 

As  in  the  preservation  of  bottled  fruits  and  vegetables  there  is  no 
viueo-ar  to  act  upon  the  copper  of  the  vessels,  the  copper,  usually  the 
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sulphate,  commonly  called  blue  stone,  is  in  all  cases  added  direct  to 
these  ai-ticles.  We  have  the  authority  of  a  manufactm-er  for  stating 
that  the^  quantity  of  this  powerful  and  poisonous  substance  used  is 
often  fully  as  much  as  6  grammes  to  one  gross  of  bottles  of  the  fruit ; 
this  gives  not  far  short  of  0-04  gramme,  equal  to  half  a  grain,  per 
bottle,  which  is  a  full  medicinal  dose. 

In  some  cases,  where  the  quantity  of  copper  is  considerable,  the 
metal  becomes  deposited  on  any  metallic  sm-face  it  may  happen  to 
come  in  contact  with,  in  the  com-se  of  a  few  minutes.  In  proof  of 
this  we  will  quote  a  paragTaph  from  a  letter  wi-itten  some  years  since 
bv  Mr.  Bernays,  a  chemist  resident  in  Derby,  addressed  to  the  '  Lancet,' 
He  wi'ites : — 

'  I  had  bought  a  bottle  of  preserved  gooseberries  from  one  of  'the 
most  respectable  gi-ocers  in  this  town,  and  had  had  its  contents  trans- 
lerred  mto  a  pie.  It  struck  me  that  the  gooseberries  looked  fearfully 
green  when  cooked ;  and  on  eating  one  with  a  steel  fork,  its  intense 
bitterness  sent  me  in  search  of  the  sugar.  After  having  sweetened 
and  mashed  the  gooseberries  with  the  same  steel  fork,  I  was  about 
to  convey  some  to  my  mouth,  when  I  observed  the  pronos  to  be  com- 
pletely coated  with  a  thin  fihn  of  bright  metallic  copper.  My  testi- 
mony can  be  borne  out  by  the  evidence  of  thi-ee  others,  two  of  whom 
dined  at  my  table.' 

.  T^e  coloiu-  of  oTeen  fruits  aud  vegetables  is  sometimes  apparently 
heightened  by  a  second  device  ;  the  bottles  in  which  they  are  enclosed 
are  made  of  a  highly-colom-ed  glass ;  those  in  which  French  olives  are 
preserved  are  of  so  intense  a  gi-een  as  to  impart  to  the  fruit  as  seen 
throug-h  the  bottles  a  deep-gi-eeu  colom-. 

f  i'i?^'.?^  ^T^^"^^  f  .  '^''PI'^''  ordinarily  present  in  many  kinds 
of  bottled  fi-mts  and  vegetables  is  greater  for  equal  quantities  than  in 
pickles,  which  also  frequently  contain  that  metal  in  large  and  ahnost 
poisonous  quantity.  Add  to  this  the  fact  that  while  pickles  are  used 
m  smaU  quantity  only,  a  whole  bottle  of  presei-ved  fi-uit  is  consmned 
by  two  or  thi-ee  persons  at  one  time;  hence  we  perceive  how  much 
more  dangerous  is  the  employment  of  copper  in  the  case  of  fruits  than 
m  tnat  oi  picMes. 

The  present  adds  another  instance  to  the  many  which  have  afready 
^  J^tr  ^^  ""S'^  manufactiu'ers,  in  order  to  heighten  the  coloS 
of  articles,  and  as  they  conceive,  often  very  eiToneoi^ly,  to  improve 

SflTTr'^'i^^''"  '^T^'''^  and  quality,  and  have 

risked  health,  and  even  safety,  ^' 

In  the  preservation  of  red  fruits,  no  copper  is  used  ;  but  here,  ao-ain 

L  wen'r?LT.?'^'  «f  log^oSd,  or  infusion  of  beet-^.o"; 

Sn^nl^     %l         •    '  ^^'"^  ^^'^  constantly  cop- 

taramated  with  arsenic,  are  not  unfrequently  employed  esneciallv 
where  the  fruit  is  damaged  or  of  inferior  quality      ^    '  ^'P^"''^^^ 
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THE  DETT3CTI0K  OF  XHE  ADULTERATIONS  OP  BOTTLED  FRUITS  AND 

VEGETABLES. 

The  chief  adulterations  of  these  articles  are  those  with  salts  of  copper, 
added  for  the  purpose  of  heightening  their  colour.  In  many  cases 
the  intense  green  or  bluish-grey  colour-,  greatly  increased  when  the 
fruit  or  vegetable  is  cooked,  is  sufficient  to  betray  the  presence  of 
copper,  especially  to  an  accustomed  eye. 

For  the  detection  of  copper  by  chemical  means  we  must  have  re- 
course to  the  processes  described  under  the  head  of  '  Pickles. 

The  copper  is  found,  as  in  the  case  of  pickles,  m  the  preserving 
fluid  as  well  as  in  the  fruit  or  vegetable  itself. 

If  we  desire  to  test  the  Hquid,  we  proceed  as  follows :— 

About  100  cc.  of  the  juice  or  fluid  in  which  the  fruit  or  vegetable 
is  preserved  are  to  be  measured  out  and  placed  in  a  test-glass  ;  the 
acidity  is  to  be  slightly  increased  by  the  addition  of  about  three  drops 
of  strono-  nitric  acid,  and  a  polished  rod  of  iron  placed  in  the  fluid,  and 
aUowed  to  remain  for  about  twenty-four  hours  If  copper  is  present 
in  considerable  amount,  the  siu^face  of  the  rod,  from  top  to  bottom 
becomes  covered  with  a  continuous  and  bright  coating  of  that  metal. 
If  the  amount  of  copper  is  less  considerable,  the  upper  half  or  so  only 
of  the  rod  receives  the  coating.  If  the  quantity  is  veiy  smaU  indeed, 
no  perceptible  deposit  of  copper  wiU  take  place. 

Ilence  we  pe/ceive  that  the  iron  rod  aftords  a  simple  and  most  con- 
clusive test  for  copper  in  fruits  and  vegetables,  when  present  m  any - 
Jhinl  like  considerable  amount,  and  that  it  even  serves  to  mdicate  to 
a  certain  extent,  the  quantity  of  copper  with  which  he  juice  of  dif- 
ferent samples  s  impregnated,  as  shown  by  the  rapidity  with  which 
the  depoS^occurs,  by  the  thickness  of  the  coatmg,  and  by  the  extent 

°'  "if ;:S:t  ISyse  the  fi-uit  or  vegetable  we  must  proceed  as 
foUowr  -lOO  grammes  of  each  of  the  fruits  and  vegetables  are  to  be 
wSed  out,  placed  in  crucibles,  and  incinerated  until  the  whole  of 
Sarbon  i  d  ssipated,  the  colour  of  the  ash  being  carefully  not^. 
In  those  cases  in  which  the  fruit  or  vegetable  is  not  contaminated  with 
coppertlie  'esidual  ash  is  observed  to  be  either  white  or  greyish-whi  e 
w£le  in  those  instances  in  which  copper  is  present  it  is  constantly  of  a 
Jni  colour,  the  depth  varying  uniformly  with  the  amount  of  copper 

When  fruits  or  vegetable  substances  are  carefully  incinerated  with- 
out to  in  any  way^distm-bed,  the  general  form  of  the  ^uit  &c  is 
?n  most\ses  tote^^^^^^  and  it  is  then  perceived  that 

tL  p?nk  elm- ^  principaUy  to  the  siu-face  of  the  substance 

'""'^Xt  cases  in  which  the  amoimt  of  copper  is  but  very  small,  the 
pink  w^U  be  seen  on  the  surface,  only  here  and  there,  and  will  be  of  a 
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pale  tint._  Where  the  quantity  is  larger,  although  still  but  small,  the 
coloiu-  will  be  more  general  and  more  decided.  Where  it  is  abundant 
the  whole  surface  of  the  ash  will  be  of  a  bright  and  beautiful  rosy- 
pink  hue.    Lastly,  when  the  quantity  of  copper  present  is  very  con- 
siderable, the  residual  ash  will  be  of  a  deep  pink  colour. 

Olives,  when  incinerated,  do  not  leave  a  clean  white  ash,  so  that 
although  the  colom-  may  be  very  well  detected  in  them,  it  is  not  of  so 
bright  a  pink  as  in  other  fruits;  and  the  colom-  is  not  confined,  as  in 
most  other  cases,  to  the  surface,  but  extends  through  the  whole  sub- 
stance of  the  fruit. 

AVhen  a  portion  of  the  juice  is  incinerated  along  with  the  fruit,  as 
13  usually  the  case,  the  crucibles,  if  copper  be  present,  become  tinted 
with  the  same  rosy-pinli  colom-  observed  on  the  sm-face  of  the  ash  of 
the  fa-uit  or  vegetable  incinerated.  In  some  cases,  where  the  amount 
oi  copper  IS  considerable,  the  bottoms  of  the  crucibles  become  deeply 
and  beautifidly  stained  of  a  bright  and  iridescent  pink. 
_  The  pmk  colour  of  the  ash  is  thus  explained.  In  the  course  of 
incineration  the  acid  with  which  the  copper  was  combined  is  destroyed, 
the  highly  characteristic  pink  oxide  alone  remaining,  and  its  presence 
being  revealed  by  its  peculiar  colour. 

The  tint  having  been  noted,  the  ash  is  next  treated  with  some 
strong  mti-ic  acid.  One  part  of  the  acid  imfiltered  solution  is  trans- 
ferred to  a  test  tube,_and  rendered  stroug-ly  allialine  with  ammonia. 
A  precipitate,  consisting  of  phosphates  and  other  salts  of  the  alkaline 
earths  is  thi-own  down,  which  is  allowed  to  settle.  If  copper  be  pre- 
sent the  supernatant  liquor  will  exhibit  a  more  or  less  blue  coloration, 
which  IS  particularly  perceptible  when  the  test  tube  is  placed  over  a 
slieet  01  white  paper. 

Another  part  of  the  solution  of  the  ash  is  rendered  first  slio-htiy 
aJialme  with  ammonia  the  solution  filtered,  and  then  acidulated 
T^th  pm-e  acetic  acid.  A  solution  of  ferrocyanide  of  potassiimi  is  now 
added  ;  if  the  solution  contain  copper,  a  reddish-brown  precipitate  or 
coloration  wiU  be  observed.    This  reaction  is  extremely  delicate  and 

thels^r^iS]^:' ^^^^^^  -^-^ 
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CHAPTER  XXVIII. 
TINNED    VE  G  ETAB  LE  S. 

DEFINITION  OF  ADULTERATION. 

The  presence  of  copper. 

Several  Iduds  of  vegetaHes  are  very  successfully  preserved  from  year 
to  year  in  hermetically-sealed  tins,  in  tlie  same  manner  and  on  tliesame 
principle  as  are  meat,  millr,  and  various  other  articles  of  food. 

The  principal  lands  of  vegetables  thus  preserved  are  peas  (pettts 
pais),  beans  (haricots  verts),  mixed  vegetables,  containing  usuaUy  peas 
and  beans,  called  by  the  French  Macedoines,  and  asparagus. 

Now,  all  these  vegetables,  with  the  exception  of  the  asparagus,  are 
very  frequently  coloured  with  copper  in  the  same  manner  as  are  the 
bottled  fruits  and  vegetables.   

In  this  case  likewise  the  copper  is  added  intentionally,  consisting 
in  the  addition  usually  of  a  solution  of  the  sulphate  of  copper  or  blue 
stone  The  quantity  added  is  even  more  considerable  than  m  the  case 
of  the  articles  preserved  in  bottles,  the  coloiu-  of  the  tinned  peas  and 
beans  being  often  intensely  and  unnatm-ally  green. 

This  hio-hly  objectionable  practice  was  made  known  by  us  many 
vears  since  in  reports  in  the  '  Lancet,'  and  although  the  exposiues  then 
made  have  led  to  a  diminution  of  the  practice,  especiaUy  m  this  coun^, 
we  are  yet  frequently  caUed  upon  to  analyse  vegetables  m  tins  with  the 
result  of  discovering  copper  in  the  majoiity  ot  cases. 

Vecretables  are  extensively  preserved  in  tins  both  m  this  coimtry 
and  abroad,  where  peas  and  beans  are  even  cheaper  than  with  us.  Ihe 
English  manufactm-ers  now  less  frequently  add  copper  than  they  did 
formerly,  but  enormous  quantities  of  these  vegetables  continue  to  be 
imported  from  France,  notwithstanding  that  the  use  of  copper  m  that 
country  has  been  prohibited  under  heavy  penalties,  so  that  we  beheve 
in  France  it  will  be  scarcely  possible  to  meet  with,  even  at  restam-ants 
and  cheap  dining-places,  vegetables  so  colom-ed.  _ 

In  most  cases  the  detection  of  this  adulteration  is  easy  enough.  In 
many  instances  the  coloiu-  itself  is  sufficient  to  reveal  its  presence  the 
Tegetables  containing  it  presenting  a  deep  green  colour  m  place  of  the 
oUve  tint  characteristic  of  copper-free  vegetables  when  cooked  and 
preserved. 
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For  the  detection  of  the  metal  chemically,  both  qualitatively  and 
quantitatively,  we  must  proceed  in  the  manner  already  described  imder 
the  heads  of  '  Bottled  Fruits  and  Vegetables '  and  '  Pickles.' 

The  practice  above  exposed  is  imdoubtedly  of  a  highly  objection- 
able and  dangerous  character,  and  we  trust  that  om*  food  analysts  will 
not  fail  to  exert  their  authority  with  a  view  to  its  exposure  and 
extinction. 


K  K  2 


500  PRESERVES  AND  JELLIES  AND  THEIR  ADULTERATIONS. 


CHAPTER  XXIX. 

FRESEBVES  AND  JELLIES  AND  THEIR 
AD  UL  TERA  TIONS. 

DEFINITION  OF  ADULTERATION. 

Anv  foreign  fruit  or  substance  not  acknowledged  in  the  names  under  which 
they  are  soldT  Copper,  whether  added  or  derived  from  the  vessels  employed  in 
their  manufacture,  or  any  foreign  colouring  matter. 

Peesbetes  and  jeUies  are  very  liaMe  to  adulteration,  like  a  ^eat  many 
more  articles  of  consumption,  and  this  in  ways  which  would  hardly  be 
suspected  by  the  uninitiated.        .    ,  .   ,      .  , 

One  kind  of  adulteration  practised  is  to  mix  a  cheaper  with  a  more 
expensive  fruit,  stiU  caUing  the  jam  by  the  name  of  the  more  costly 
constituent.    Vegetable  jeUies  are  liable  to  the  same  kind  of  adul- 

*^^"^Another  practice  is  to  make  use  of  the  refuse  materials  derired 
from  the  preparation  of  vegetable  jellies,  as  of  the  apple  particiilarlv, 
and  to  introduce  it  into  jams  and  preserves,  or  to  make  ^th  it  and 
other  refuse  matters,  including  those  from  the  manufactiu-e  of  British 
wines,  different  kinds  of  jam,  to  which  certam  grand  names  and  titles 
P'Wen  In  the  same  manner  damaged  frmts,  including  figs  are  fi-e- 
queSlyTntroduced^  Some  tim'e  back,  Dr.  Tidy  called  the  atten^^^ 

S  of  the  City  Commission  of  Sewers  to  the  fact  that  210  boxes  of 
bad  Ss  wei<^hing  8,000  lbs.  in  aU,  had  been  seized  at  Cox's  Quay  and 
stated^?hrhe  had  reason  to  believe  that  this  was  only  a  small  portion 
of  an  enormous  quantity  which  had  arrived  m  the  docks.  The  figs 
themselves,  which  were  rotten  and  maggoty,  were  quite  imsaleable,  and 
wer?us3  nthe  manufacture  of  jam,  together  with  bad  plmns  and 
The  sweepings  of  fruit  warehouses.  The  seeds,  with  a  small  quantity 
of  rarpberry  jam  with  which  the  concoction  was  mixed,  gave  the  so- 
caUed  pSie  a  genuine  appearance,  and  it  was  largely  sold  amon- 
?Se  poor  the  names,  of  ;  Family  preseiwe,'  '  Royal  jam,' '  Frmt 

■nrpserve '  and  '  Household  jam.'  ,        „  ■,  ? 

^  S  y,  the  jams  of  a  green  colour,  as  those  of  the  greengage,  plum, 
«nd  flo3«TV,  are  fi-equently  gi'eened  or  colom-ed  by  means  of  copper. 

instances  this  is  pm-Josely  introduced,  and  in  others  its  presence 
is  dTnot  to  any  intentional  admixture,  but  to  the  use,  and  especiaUy  the 
careksremplovment,  of  copper  pans  in  the  manufacture  of  the  jams. 
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One  of  the  jams  very  liable  to  adulteration  is  raspberry  jam.  This 
is  frequently  mixed  with  a  proportion  of  the  pulp  of  the  gooseberry. 

Straioberry  jam  is  liable  to  the  same  adulteration.  In  samples  of 
mixed  raspberry  and  gooseberry  jam  we  have  met  with  large  quantities 
of  apple.    Again,  marmalade  is  sometimes  found  to  contain  the  pulp  of 


Fig.  1-39. 


Orajjge  Marsialade,  adulterated  with  Apple  or  Turnip,   a  a,  tissu£  of  orange  ; 
0  b,  cells  of  foreign  vegetable  substance.  Magnified  I'OO  diameters. 


either  apple  or  turnip  (fig.  139),  but  much  more  frequently  still  it  con- 
tains a  proportion  of  apple  jelly ;  indeed,  at  one  tmie,  we  believe,  there 
was  scarcely  a  manhalade  to  be  obtained  from  the  shops  free  from  that 
admixture.    The  makers  assert  that  this  addition  is  not  made  for  the 
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purpose  of  adulteration,  but  to  stiffen  the  marmalade.  AU  we  can  say 
IS,  that  housekeepers  who  make  their  own  marmalade  do  not  find  any 
such  admixtui-e  to  be  requisite,  and  with  the  quahty  of  home-made 
marmalade  no  fault  can  be  found.    We  have  Been  informed  that  a 


Fig.  140. 


ORHis  BOOT  a,  epidermis  ;  b,  transverse  section  of  root  sTio\ring  the  cells  filled 
^''Zhs^ck,  long  Urn<^ticirysta/s,nna  portions  of  ^l^'^'^^f  "f., ;"^'^%™<^ 

Icross  ;  c,  section  of  rootlet;  d,  crystal ;  e,  starch  granules.   Magnified,  a,  b,  c, 

100,  d  200,  e  500  diameters. 

snecies  of  stoede  of  a  yeUow  colour  is  much  used  in  the  adiUteration  of 
oriwi-e  marmalade.    Sweet  oranges  are  also  sometunes  employed 

The  two  principal  yegetable  jellies  prepared  are  those  made  from 
the  red  and  black  currant.    Now,  red  cm-rant  jeUy  m  nearly  aU  in- 
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stances  contains  a  large  admixture  of  jelly  prepared  from  the  goose- 
berry, and  it  is  probable  that  that  of  the  black  currant  is  similarly 
compounded.  Raspberry  jelly  is  said  usually  to  consist  of  cm-rant  jelly 
to  which  the  flavour  of  the  raspbeny  has  been  communicated  by 
means  of  orris  root  (fig.  140).  Raspberry  fiavouriny  for  sugar  con- 
fectionery is  made  entirely  of  currant  jelly  and  onis  root.  But  organic 
chemistry  has  in  these  days  reached  such  a  pitch  that  the  odoui"  and 
flavom*  of  almost  any  fruit  is  capable  of  being  imitated.  We  have 
recently  received  samples  of  the  following  artificial  fruit  essences 
manufactured  by  Messrs.  Langdale  &  Co.,  of  Hatton  Garden  : — Essence 
of  apples,  pears,  quince,  pineapple,  raspberries,  strawberries,  cherries, 
peach  kernels,  rum,  gin,  cognac,  Maraschino,  hops,  vanilla,  parsley, 
celery,  and  cm-ry  powder. 

It  was  curious  to  observe  how  the  names  of  certain  articles  were 
changed  as  soon  as  the  late  Adulteration  Act  came  into  operation. 
Thus  it  became  rare  to  meet  with  a  pot  labelled  red  currant  jelly,  as 
this  would  have  exposed  the  vendors  of  the  mixed  article  to  the  opera- 
tion of  that  Act,  and  so  the  name  was  changed  to  red  jelly. 

Results  of  Analyses  of  Samples. 

Thirty-five  samples  of  preserves  and  jellies  of  various  kinds  were 
subjected  to  chemical  examination  for  copper  -ndth  the  following 
results : — 

The  raspberry  jam  analysed  contained  a  very  considerable  quantity 
of  copper. 

The  four  samples  of  (jooseberry  jam  examined  all  contained 
copper. 

Copper,  sometimes  in  large  amount,  was  detected  in  twelve  of  the 
fom'teen  samples  of  oranye  marmalade  analysed. 

The  nine  samples  of  greengage  jam  were  all  more  or  less  im- 
pregnated with  copper,  it  being  present  in  considerable  amoimt 
in  five  of  the  samples. 

The  greengages  contaiued  in  three  different  boxes  of  crystallised 
fruits  all  owed  their  deep  green  colom*  to  the  presence  of 
copper. 

The  limes  and  greengages  present  in  a  little  glass  jar  of  fruit  pre- 
served in  jelly  also  owed  their  brilliant  colour  to  a  salt  of 
copper. 

Copper  was  present  in  the  three  samples  of  candied  citron  peel 

subjected  to  analysis. 
Thus  Copper  was  detected  in  no  less  than  thirty-three  of  the  thirty- 
five  samples  of  different  preserves  analysed :  three  contaiued 
traces  only ;  in  eleven  the  metal  was  present  in  small  quantity ; 
and  in  nineteen  either  in  considerable  or  even  very  large  amount. 
Knowing  well  the  powerful  action  of  vegetable  juices  and  also 
of  sugar  upon  copper,  we  have  long  entertained  the  belief  that 
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copper  would  he  very  frequently  detected,  on  analysis,  in  preserves, 
jams,  and  jellies,  as  ordinarily  prepared  :  we  must  aclcnowledg-e,  how- 
ever, tliat  the  result  of  actual  investigation  has  far  exceeded  our 
expectations,  since  it  has  proved  that  preserves  made  in  copper  vessels 
not  only  almost  iuvariahly  contain  copper,  but  that  the  metal  is  often 
present  in  very  considerable  quantities,  sufficient  to  tint  the  ash  of  a 
deep  pink,  and  to  cause  the  solution  of  the  ash  when  treated  with 
ammonia  to  become  of  a  decided  and  sometimes  even  of  a  deep  blue 
colour. 

But  the  still  larger  quantities  of  copper  detected  in  certain  of  the 
samples  of  greengage  jam  seem  to  show  that,  as  was  ascertained  to  be 
the  case  with  bottled  friuts  and  vegetables,  some  greening  salt  of 
copper,  of  the  sulphate  or  acetate,  is  really  intentionally  introduced  for 
the  purpose  of  creating  an  artificial  viridity. 

The  disclosures  now  made  afford  con-sdncing  proof  how  improper 
and  even  dangerous  it  is  to  make  preser\'es,  as  is  commonly  done  even 
by  ordinary  housekeepers,  in  copper  saucepans.  The  vessels  employed 
for  this  piu'pose,  wherever  practicable,  should  be  lined  with  enamel. 

Although  we  may  fairly  expect  to  find  copper  in  any  preserved 
vegetable  substance  prepared  in  the  ordinary  manner,  yet  we  scarcely 
expected  to  meet  with  that  poison  in  those  tasteful  and  sparlding 
little  boxes  of  bonbons  which  at  Ohristmas-time  are  displayed _  in 
shop  vdndows  so  attractively ;  neither  did  we  expect  to  find  it  maldng 
its  way,  through  the  citron-peel  used,  into  oui-  very  Christmas  plum- 
pudding. 

We  have  repeatedly  shown  that  the  adidterators  of  our  food  do  not 
scruple  to  employ,  when  it  suits  their  purpose,  the  most  deadly  sub- 
stances, undeterred  by  the  serious  consequences  which  but  too  fre- 
quently resitlt  from  their  use.  Thus,  it  has  been  proved  that  it  is  no 
uncommon  thing  for  them  to  malie  use  of  various  preparations  of 
iron,  lead,  copper,  arsenic,  mercmy,  &c.  It  is  not  a  little  remarkable 
that  the  majority  of  the  substances  are  had  recoiu-se  to,  not  on  accoimt 
of  bulk  or  weight,  but  for  the  mere  sake  of  colovu-s,  which,  thus  pro- 
cm-ed,  are  frequently  in  a  high  degree  glaring  and  imnatural,  these 
colom-s  being  obtained,  too,  at  the  expense  of  quality  and  flavour. 

Amongst  the  articles  which  have  already  been  ti-eated  of,  and  in 
which  foreign  colouring  ingredients  have  been  detected,  are  tea, 
chicory,  cocoa,  cayenne,  mustard,  pickles,  bottled  fruits  and  vegetables, 
tinned  vegetables,  potted  meats,  and  fish.  The  list  is,  however,  far 
from  complete  as  yet,  and  on  the  present  occasion  we  have  added  other 

The  quantity  of  copper  contained  in  jams,  even  in  those  cases  in 
which  it  is  perfectly  certain  that  no  intentional  addition  of  any  salt  of 
that  metal  has  taken  place,  varies  very  greatly.  The  reason  of  this 
variation  in  the  amount  depends,  we  believe,  oi-eatly  upon  the  care 
tak-en  in  the  preparation  of  the  jams.  When  acids,  as  those  of  fi'uits, 
are  brouo-ht  in  contact  with  a  clean  and  bright  surface  of  copper, 
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no  ipimediate  or  direct  action  takes  place ;  the  metal  must  first  be 
oxidised  before  the  acid  can  combine  with  it,  the  oxygen  for  this 
piu-pose  being-  derived  from  that  contained  in  the  air,  which  is 
being  constantly  introduced  into  the  jam  by  the  stirring  which  takes 
place  dm-ing  its  preparation.  These  facts  show  how  necessary  it  is 
that  the  copper  pans,  when  employed,  should  be  kept  in  the  brio-htest 
and  cleanest  state  possible,  and  that  the  jam  should  not  be  allowed 
to  remain  m  contact  with  them  a  moment  longer  than  is  absolutely 
ncessary. 

THE  BETECTION  OF  THE  ADTJLTEEATIONS  OP  JAMS. 

For  the  detection  of  the  adulterations  of  jams  the  microscope 

Fig.  141. 


«,  pip  of  raspierry ;  6,  of  gooseberry,  c,  of  ^chUe  currant ;  d,  of  black  currant; 

ee,  otstraxobeiTy;  ff,  of  fig.  .  ' 

affords,  as  it  does  in  so  many  other  cases,  nearly  the  only  means 
whereby  the  admixtiire  of  one  fruit  with  another  can  be  discoyered 
But  before  applying  that  instrument  to  the  detection  of  the  ad'u  ert 
and  yelS;        r'"'^"^  '^'''^''''^  «f       several  fruite 
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Jig.  144. 


Epidermis  of  Tuhnip. 


Pig.  145. 


.  Cei,ls  of  Parexchyma  op  Traxrp. 


Raspberries,  strawberries,  gooseberries,  and  cm-rants  are  aU  dis- 
tinguishable the  one  from  the  other  by  means  of  the  seeds  of  the  fruit. 

•  characters  of  these  are  weU  shown  in  the 

engraving  (fig.  141). 

But  there  are  other  differences  in  tha  case  of  most  of  the  fruits  above 
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named,  either  in  the  cuticle  or  the  hairs  with  wliich  it  is  clothed,  or  in 
the  cells  which  form  the  pulp. 

The  presence  of  apple  in  jams  may  in  general  be  satisfactorily  dis- 
covered by  means  of  the  microscope.  It  is  not  in  all  cases  easy  to 
distinguish  between  the  rounded  cells  of  the  cooked  pulp  of  the  apple 
and  those  of  the  turnip,  but  a  carefid  examination  of  the  jam_  \yill 
generally  disclose  in  it  portions  of  the  cuticle,  pips,  or  of  the  lining 
membrane  of  the  cavities  in  which  these  are  enclosed  (figs.  142  and  143). 

Again,  the  turnip  itself  presents  peculiarities  of  structure  whereby 
in  some  cases  its  presence  may  be  recognised  and  discriminated.  Thus 
the  characters  of  the  cuticle  are  very  different  from  those  of  the  apple, 
the  only  vegetable  fruit  with  which  it  is  liable  to  be  confounded.  The 
form  of  the  cells  composing  the  skin  are,  as  will  be  seen  from  the  sub- 
joined engraving,  very  different,  while  the  average  size  of  the  cells  of 
the  pulp  is  much  smaller  than  that  of  the  apple  (tigs.  144  and  145). 

It  is  thus  quite  practicable  to  detect  most  of  the  adulterations 
of  jams  by  admixtm-e  with  other  fruits  and  vegetables  by  means 
of  the  microscope,  but  we  have  as  yet  not  indicated  any  method 
by  which  the  proportions  of  the  different  fruits  employed  may  be 
arrived  at.  This  may  be  effected,  however,  by  ascertaining^  the 
number  of  the  pips  of  the  different  fruits  present  in  mixed  jams. 
Although  the  mmiber  of  pips  contained  in  the  different  frmts  vanes 
to  a  not  inconsiderable  extent,  we  are  yet  enabled  by  separating 
and  counting  them  to  form  an  approximate  estimate  of  the  composition 
of  the  jam.  Thus  the  number  of  pips  in  the  gooseberry  vanes  from  25 
to  35,  being  on  an  average  30 ;  strawberry  contains  from  70  to  100, 
the  averac^e  being  85 ;  raspberries  from  55  to  65,  the  average  bemg  bO  ; 
black  currants  from  35  to  45,  the  average  being  40  ;  and  the  white  and 
red  currants  from  3  to  5,  average  4.  p  i    r  ^     •  • 

By  dissolving  and  diffusing  about  a  tablespoonful  ot  the  jam  in 
water  the  pips  will  be  left  behind.  They  are  to  be  spread  out  on  a 
white  plate  or  a  piece  of  glass,  and  they  may  then_  be  easily  dis- 
tinguished by  their  size  and  other  characters,  including  the  micro- 
scopical appearances.  .  ^  .  ,     ,  , 

In  reference  to  the  detection  of  foreign  or  artificial  red  coloiuing 
matters,  we  have  met  with  the  following  statements :— '  With  solution 
of  carbonate  of  soda  the  artificial  red  coloui-ing  matter  remains  un- 
chano-ed,  while  the  real  becomes  lilac  or  green:— Food  Journal.  _ 

Accordino-  to  C.  Puscher,  fttchsin,  rosanilin  or  aniline  red  in 
veo-etable  ieUies  and  juices  may  easily  be  discovered  bv  immersing 
in  "the  liquid  a  few  threads  of  wool  or  silk,  which  is  coloured  pink 
by  fuchsin,  but  not  bv  the  colouring  matters  proper  to  the  jellies.  _ 

According  to  H. 'Hager,  the  genuine  syi-up  or  jelly,  when  mixed 
with  nitric  acid  containing  25  per  cent,  of  acid,  remains  red,  while  ar- 
tificially coloured  synip  turns  yellow.  The  genmne  sji-up,  mixed  witli 
an  equal  volume  of  a  solution  of  potash  or  ammonia  of  10  per  cent, 
turns  violet,  with  a  tint  of  green,  blue-green  or  reddish-green,  while 
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the  artificially  colom-ed  article  tiu'ns,  fii-st  pink,  and  after  some  time 
is  quite  decolorised. 

With  an  equal  volume  of  soda  solution,  the  genuine  article  is 
turned  lilac  or  green,  while  the  artificially  coloui-ed  syrup  is  not.  or 
only  very  little  changed. 

Lastly,  with  an  equal  volume  of  a  solution  of  neutral  acetate  of 
lead  in  the  first  case  a  bluish  green  or  greyish  green,  and  after  boilino- 
an  olive  green  mixtm-e  is  produced,  while  the  artificial  coloui-ino-  matter 
is  not  essentially  changed.  ° 

The  methods  for  the  detection  and  estimation  of  copper  have 
already  been  more  than  once  fidly  described. 
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CHAPTER  XXX. 
MUSTARD  AND  ITS  ADULTERATIONS. 

DEFINITION   OF  ADULTERATION. 

Anv  forei"-n  substimce  whatever,  either  vegetable  or  mineral ;  the  mixtures  now 
so'^frequently  sold  as  mustard  to  be  named  and  sold  as  mixtures. 

The  subjoined  particulars,  in  reference  to  the  manufacture  of  mustard, 
as  furnished  hy  a  manufactiu-er,  are  given  by  Pereira :— 

'  The  seeds  of  both  black  and  white  mustard  are  first  crushed  be- 
tween rollers,  and  then  pounded  in  mortars.  The  pounded  seeds  are 
then  sifted.  The  residue  in  the  sieve  is  called  dressings,  or  siftrngs ; 
what  passes  through  is  impure  four  of  mustard.  The  latter,  by  a 
second  sifting,  yields  pure  four  of  micstard,  and  a  second  quantity  ot 
dressings.  By  pressure  the  di-essings  yield  a  fixed  oil,  which  is  used 
for  mixing  with  rape  and  other  oils.' 

THE  COMPOSITION  OF  MXISTABD. 

The  mustard  of  commerce  when  pure  and  genuine  consists  usuaUy 
of  a  mixture  in  difi-erent  proportions  of  the  farina,  with  more  or  less  of 
the  husk  of  the  seeds  of  brown  and  white  mustard.  Sometimes  it  is 
made  wholly  from  the  brown  seed,  and_  at  others  the  faiina  of  the 
white  mustard  seed  is  the  principal  constituent. 

Of  these  seeds  no  very  complete  quantitative  analyses  have  as  yet 
been  made,  although  many  highly  important  P^^^l^^^^^'?, 
ascertained  respecting  their  composition ;  thus  black  or  brown  mus- 
tard, as  it  is  now  generaUy  named,  consists_  for  tbe  most  pait  of /.red 
oil,  myronic  acid,  C.^R^o^Sfi,,,  which  is  combined  with  potash 
taing  a  my.on«<e>  Joto/^  and  which  acid  IS  converted  ^nto  the 

volatile  oil  of  mustard  or  sulpliocyanide  of  ally  I,  C^H^NS,  q^^^  j  S, 
throuo-h  the  agency  of  the  myrosin,  another  constituent  of  brown 
mS-d,  when'the  two  are  brought  into  contact  through  the  medimn 
S  water ;  vegetable  albumen,  a  bitter  prindple,  a  little  gum  and  sugar, 
{I  neciUiar  oreen  substance,  cellulose,  md  mineral  matter. 

^WMte  mustard  difl^ers  essentially  in  its  composition  from  brown ;  it 
also  contains  oil,  but  in  lieu  of  myi-omc  acid,  convertible  as 

descried  into-^the  volatile  oil  of  mustard,  it  contams  a  non-volatJe, 
bitter  and  acrid  salt,  termed  sulphocyamde  of  smapme  {L^,l±n,!SjP(Js, 
S  o  H  NO.,  ONHS),  nnjrosin,  gum,  cellulose,  mi  mineral  '»«««^ 

#owit  il  on  the  volatile  oil  and  the  acrid  and  somewhat  bitter 
salt  tCt  the  pungencv  and  acridity  of  mustard  depend,  and  hence  we 
si  a  sSoug  reason  why  in  the  mustards  of  commerce  the  farina  of  the 
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two  species  should  be  blended  together :  of  the  two  active  principles 
the  volatile  oil  is  by  far  the  more  important,  and  hence  the  seed  of  the 
brown  mustard  possesses  the  greatest  commercial  value.  It  should  be 
stated  that  riem-ie  and  Garot  affirm  that  brown  mustard  contains  the 
acrid  pnuciple  as  well  as  the  white  ;  this  statement  we  have  been  able 
to  verify,  as  shown  specially  by  the  action  of  nitric  acid,  caustic  potash 
and  ieiTic  chloride  on  the  alcoholic  extract. 

The  acrid  principle  of  white  mustard  appears  to  possess  but  little 
^.  ^n^^'  ^""i  although  it  is  stated  by  v.  Babo  to  bear  a  temperature  of 
ISO  U.,  we  find  that  it  is  readily  aflected  by  heat,  and  that  it  is  not 
sale  to  evaporate  the  alcoholic  solution  containing  it  at  a  hio-her  tem- 
perature than  about  30°  C.  If  subjected  to  a  much  higher  temperature 
It  qiuclily  loses  Its  acndity,  and  acquires  a  bitter  caramel-like  taste 

Ut  neither  brown  nor  white  mustard  had  any  percentage  analysis 
been  given  until  those  made  and  published  by  ourselves  in  an  article  on 
mustard  and  its  adiUterations,  in  '  Food,  Water,  and  Air,' for  February 
lb74,  and  m  the  few  cases  in  which  the  quantities  of  any  of  the 
constituents  are  stated  they  vary  greatfy,  according  to  different  ob- 
servers    Thus,  according  to  Pereira,  the  Jixed  oil  forms  about  28  per 
cent,  of  the  seeds  of  b  ack  mustard,  while  Watts  puts  the  yield  at 
18  per  cent,  only  but  white  mustard  seed,  he  says,  fm^nishes  36  per 
cent    The  volattle  oil  amounts  to  0-20  per  cent,  according  to  BoutJon 
and  Kobiquet ;  0;55  per  cent,  according  to  Aschoff :  and  0-60  per  cent 
accordmg  to  Wittstock;  aU  which  cruantities  are  much  Xw  the 
markk  as  will  be  seen  hereafter.     No^v,  as  will  be  shown  presently 
theirs  little  or  no  difference  in  the  amomit  of  fixed  oil  furSshed  by 
the  two  descriptions  of  mustard-that  obtained  by  me  from  the  farina 
mus^Z"oS??f  ^  reaching  36-701  per  cent.,  and  that  fi-om  the  white 
mustard  .5  68  per  cent    Agam,  it  is  shown  by  the  analvses  given 
below  that  the  volatile  oil  occurs  in  much  larger  quantities  than  Sose 
enumerated  above,  the  amount  which  we  have  obtained  from  one 
sample  being  no  less  than  1-271  per  cent. 

Of  both  brown  and  white  mustard  we  append  the  foUowino-  orio-inal 
percentage  analyses,  first  published  in  the  article  referred  to^-  ° 

Brown  Mustard  Farina. 

n  ater  ...  a  oir 

Fixed  oil  offm 

Myronicacid  J^q 

MjTosin  and  albumen .      .                   *  oq.kqc 

Acrid  salt    ...             '      *      ■  QKQQ 

Cellulose     .      .      .       '      '      '      '  .Ali 

Ash    16-765 

.^^   4-725 

100-000 

Volatile  oil  .      .      ,      .  .  „„, 

Nitrogen     ....  '      *  t'l 

1  ^^^^  ««^<i  i«  «f  a  bright  and 

beautiful  emerald  green  colour,  owing  to  the  presence  of  the  peculiar 
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green  principle,  descriljed  as  one  of  its  constituents.  So  deep  and 
remarkaWe  is  the  coloiu-  of  the  oil  that  it  would  be  easy,  by  means 
of  a  graduated  scale  of  tints,  to  determine  with  very  tolerable  cer- 
tainty the  percentage  of  brown  mustard  contained  in  any  sample  of 
mixed  mustard. 


White  Mustard  Farina. 

Water  .... 
I'ixed  oil  . 
Acrid  salt  . 
MjTosin  and  albumen 
Cellulose 

Ash     ...  . 


3.5-768 
10-98.3 
27-484 

4-110 


100-000 

Nitrogen  5-28o  ^ 

Sulphur  1-224 

These  analyses,  whether  regarded  from  a  scientific  or  practical  point 
of  view,  are  possessed  of  much  interest. 

The  small  quantity  of  sugar  found  in  mustard  would,  from  the 
method  of  analysis  pm-sued,  be  included  under  the  bitter  principle,  and 
the  gum  with  the  cellulose.  _  j   r  •  • 

Myronic  acid  occurs  as  myronate  of  jjotash  in  the  seed  of  smapis 
niora.  Myronic  acid  is  a  strongly  acid  liquid,  soluble  in  water  and 
alcohol,  but  insoluble  in  ether.  Myronate  of  potash  is  soluble  in  water 
and  alcohol  and  crystallises  in  rhombic  prisms.  It  has  a  bitter  taste 
and  neutral  reaction.  It  undergoes  a  most  remarkable  change  under 
the  influence  of  the  nitrogenous  substance  contained  in  mustard  seed, 
myrosin.  It  decomposes  into  oil  of  mustard,  or  sulphocyanide  of  ally  1, 
o-lucose,  and  acid  sulphate  of  potassium,  OioHi8KNS20io  =  04H5]SS + 

OeHi„Og  +  KHSO,.  .    .  .  V  .  •  f  A 

Oil  of  mustard  is  not  ready  contained  m  the  seed,  but  is  iormed 
by  the  decomposition  of  the  myronate  of  potash.  It  possesses  the 
odour  of  mustard  in  so  hish  a  degTee,  that  the  smaUest  quantity  of 
vapour  excites  tears.  It  blisters  the  skin,  boils  at  148°  0.  and  has  a 
specific  gravity  of  1-015  at  20°.  In  contact  with  aqueous  ammoma 
it  takes  up  one  molecule  of  ammonia  and  forms  a  crystalline,  non- 
volatile substance,  thiosinnamine,  C4H5NS,  NH3.  _  _ 

Myrosin  is  the  name  of  the  albuminous  substance  contained  m 
mustard.  It  has  the  closest  resemblance  to  the  other  albuminous 
bodies.  It  is  coagulated  by  heat  and  by  alcohol.  If  coagulated  it 
no  longer  effects  the  decomposition  of  the  myrouates. 

Sulphocya7iide  of  sinapin  occiu-s  both  in  white  and  black  mustard, 
but  in  white  in  the  largest  proportion.  It  ciystallises  in  white  needles 
or  glassy  prisms.  It  is  neutral,  inodorous,  of  a  bitter  and  bm-ning 
taste     Fusing  point  130°  0.    It  is  soluble  in  water  and  alcohol. 

These  being  the  principal  and  characteristic  constituents  of  both 
black  and  white  mustard,  we  now  proceed  to  describe  the  analysis  of 
mustard. 
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THE  ANALrsiS  OF  MtTSTAED. 

The  substances  with  which  we  shall  have  to  deal  are—ivate}',  fixed 
oil,  jui/ronic  acid,  myrosinox  albumen,  sinajnn,  cellulose  and  mineral  matter. 

Estimation  of  water,  fatty  and  mineral  j«rt«e;-s.— We  have  ah-eady 
so  often  described  the  processes  for  the  estimation  of  these  sub- 
stances, that  we  refrain  from  doing  so  ag-ain. 

Estimation  of  the  myronic  Myronate  of  potash  decomposes 

under  the  mfiuence  of  the  nitrogenous  matter  contained  in  brown  mus- 
tard mto  volatile  oil,  glucose,  and  acid  sulphate  of  potash ;  the  quantity 
ot  each  of  these  products  of  decomposition  gives  therefore  by  simple 
calculation  the  quantity  of  the  myronic  acid.   100  parts  of  this  acid 
\ield2o-85  _  parts  of  volatile  oil.    From  40  to  50  grammes  of  the 
mustard  farina  are  placed  in  a  flask  of  about  *  litre  capacity :  250  cc  of 
tepid  water  are  pom-ed  over  it,  the  flask  closed  with  a  cbrk,  and  the 
whole  IS  well  shaken.    After  twenty-fom-  hours'  standing,  the  flask  is 
connected  with  a  Liebig  condenser,  and  its  contents  are  heated  to 
boiling    Into  the  receiver  30  cc.  of  strong  ammonia  are  poiu-ed  and 
the  end  of  the  condenser  is  dipped  below  the  sm-face  of  the  liquid 
\A  ater  and  the  volatile  oil  pass  over,  the  latter  at  first  floating  in  the 
shape  of  oily  drops  ou  the  surface  of  the  liquid,  which  soon  sink  to  the 
bottom   especially  when  the  liquid  is  gently  agitated.    When  the 
distillation  is  hnished,  which  is  the  case  when  no  more  oil  globules 
pass  OTer,  the  receiver  is  closed  with  a  cork  and  aUowed  to  stand  for 
twenty-four  hom-s.  At  the  end  of  that  time  aU  the  oil  is  dissolved  and 
IS  now  contamed  m  the  hquid  m  the  form  of  thiosinnamin.  This  solu- 
tion is  evaporated  on  the  water-bath  in  a  weighed  platinum  basin,  the 

Su"'nn"^  T'^r't'^-  ^-^^  l^^^tity  of  thiosinnamin  obtained' 
i^ub^one  moleciUe  of  ammonia,  represents  the  amount  of  the  vola- 

Estimation  of  the  myrosv,i,  or  albumen,  and  of  the  sulphocyanide 
o/  «^««;;.,^.    The  total  amounts  of  nitrogen  and  silphm- contained  in 
oda  r  The  fomer  by^combustion  with 

soda-lime  m  the  well-known  manner,  the  latter  bv  deflagration  of  the 
mustard  and  oxidation  of  its  sidphm-  in  a  mixtiu-e  of  nitrate  of  soda 
and  carbonate  of  potash.  The  frised  mass  is  dissolved  n  water  or 
dilute  acid,  and  the  sulphimc  acid  contained  in  the  solutionis  esti- 
mated by  means  of  chloride  of  barium.  From  these  data  ?he  amounts 
of  the  myrosm  and  of  the  siUphocyanide  of  sinapin,  the  acrid  princ  pie 
are  thus  calciilated  ;  as  much  siUphm-  and  nitrogen  are  first  deducted 

aZf^"^"'^^'  '^^^^•^^^'^^^  ''^'^^^'^      i«  contaied  ii  the 

riS-  •  "^^"T^  ^""^  previously  deteiWd.  Next,  the  whole  of 
the  remaining  sulphur  _  and  as  much  of  the  nitrogen  as  is  iZ  ired 
are  then _  calcidated  into  the  acrid  principle;  lastly,  tL  surplus 
TeSu::ii^^:'V:''  Biyrosin,wLh  Ls'thesaSe  f^i^ra  S 
o^the  acrid  Z^^^^  1  A^'TIl ^"^^  approximately  the  amounts 
01  the  acnd  pnnciple  and  of  the  myrosm,  a  fiu-ther  calculation  has  to  be 
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made,  since  myrosin  contains  about  1  per  cent,  of  sulphur.  This  has  to 
be  deducted  from  the  total  acrid  principle,  a  corresponding  quantity 
of  nitrogen  being  in  its  turn  calculated  into  myrosin.  By  those 
acquainted  with  algebra,  it  will  be  readily  perceived  that  a  more  precise 
calculation  may  be  made,  but  the  results  would  not,  even  then,  differ  to 
any  practical  extent. 

ANALYSES  OF  SAMPLES  OP  GENTTINE  MUSTARD  OF  DIFFEBENT  aUALITIES. 

Having  given  the  analyses  of  the  farinas  of  brown  and  white 
mustard,  we  will  now  proceed  to  state  those  of  certain  qualities  of 
mustard' distinguished  by  different  names,  and  consisting  of  mixtures 
in  different  proportions  of  black  and  white  mustard : — 
Genuine  Mustard. 

Water  

Fixed  oil  . 
Myronic  acid 
Myrosin  and  albumen  . 
Acrid  salt  and  bitter  principle 
Cellulose  .... 
Ash  


6ii  of  mustard 
Nitrogen      .      •      •  • 
Sulphur       .      .      .  • 

Genuine  doubk  superfine. 

Water  

Fixed  oil  _ . 
Myronic  acid 

Myrosin      .      .      .  • 
Acrid  salt  and  bitter  principle 
Cellulose     .      .      .  • 
Ash  


5-702 
86-491 

2-704 
81-686 

5-714 
13-373 

4-  330 

100-000 

0-  710 

5-  341 

1-  308 


Genuine  fine. 

Water  

Fixed  oil  . 
Myronic  acid 

Myrosin      .      .      .  • 
Acrid  salt  and  bitter  principle 
Cellulose     ,      .      .  • 
Ash  


Volatile  oil  . 
Nitrogen 
Sulphur 

Genuine  superfine 

Water  .      .      .  • 
Fixed  oil    _ . 
Myronic  acid 
Mvrosin      .       •  • 
Acrid  salt  and  bitter  principle 
Cellulose 

Ash     .      .      •  • 


5-163 
85-942 
2-212 
27-360 
9-085 
15-574 

4-  664 

100-000 

0-  581 

5-  047 

1-  424 


Volatile  oil 

Nitrogen 

Sulphur 


5-592 
34-714 

1-971 
31-021 

7-098 
15-284 

4-  320 

100-000 

0-  518 

5-  460 

1-  246 


Volatile  oil  . 
Nitrogen 
Sulphur 

Pure. 

Water  . 
Fixed  oil 
Myronic  acid 
Mvrosin       .  • 
Acrid  salt  and  bitter  principle 
Cellulose 
Ash 


Volatile  oil  . 

Nitrogen  .  .  •  • 
Sulphur       .      .      .  • 

Household  Mustard. 

Water  . 
Fixed  oil   _  . 
Myronic  acid 
Acrid  principle 
Myrosin 
Ash  . 
Cellulose 


6-683 
35-241 
0-922 
27-897 
10-062 
l&-n42 

4-  653 

100-000 

0- 242 

5-  1,59 

1-  297 


5-084 
33-979 

0-963 
27-616 
11-2,58 
16-807 

4-  293 

100-000 

0-  253 

5-  208 

1-  403 


5-294 
36-748 

1-725 

8-751 
27-475 

8-690 
16-317 


Volatile  oil 

Nitrogen 

Sulphur 


100-000 

0-  453 
5-026 

1-  314 
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Now  the  six  analyses  above  giA'en  prove  two  tliinp's — first,  that  nil 
the  samples  are  genuine  ;  this  is  shown  hj  the  quantities  of  fixed  oil, 
niti-ogen,  and  sulphur  oh  tained  ;  and  that  "they  consist  of  mixtures  of 
the  two  mustards  in  difl'erent  proportions,  the  higher  qualities  con- 
taining larger  proportions  of  the  hro-rni  mustard ;  that  this  is  so  is 
demonstrated  by  the  different  quantities  of  volatile  oil  obtained. 


AlfALTSES  OP  MIXED  OR  ADULTERATED  MUSTARDS. 

_  We  shall  in  the  next  place  proceed  to  give  the  analyses  of  some 
mixed  or  adulterated  mustards  of  different  qualities,  and  distino-uished 
by  vanous  names.  The  analyses  were  conducted  as  in  the  case  of 
the  genuine  mustards,  the  only  difference  being  that  an  allowance  was 
made  for  the  nitrogen  of  the  wheat  flour  :— 


Double  superfine. 
Water  .... 
Fixed  oil  . 
M}Tonic  acid 
Acrid  principle  . 
Myrosin 

Wheat  flour  and  turmeric 

Cellulose 

Ash     .  . 


Volatile  oil 

Niti-ogen 

Sulphur 


Fine. 


4-941 
27-522 
3-136 
1-851 
23-]  55 
22-986 
13-055 

3-  354 

100-000 
0-8.o0 

4-  242 

0-  945 

6-510 
23-160 

1-  359 

5-  808 
19-501 
27-204 


Cellulose 
Ash  . 


Volatile  oil 

Nitrogen 

Sulphur 


Superior. 


Water  . 
Fixed  oil  . 
Mvronic  ncid 
Acrid  principle  . 
Myrosin 

Wheat  flour  and  turmeric 
Cellulose 

Ash     ...  ■ 


Volatile  oil 

Nitrogen 

Sulphur 


12-841 

3-  617 

100-000 
0-357 
3850 

0-  959 

4-  973 
25-1 72 

1-  200 
4-313 

23-244 
25-820 
11-495 

3-  783 

100-000 

0-  315 

4-  074 

1-  057 


Water  .... 
Fixed  oil  . 
Myi-onic  acid 
Acrid  principle    .  ■  . 
MjTosin 

Wheat  flour  and  turmeric 

To  the  above  analyses  we  will  now  add  those  of  some  samnles 
.  of  mixed  mustard  pni-chased  in  the  loose  state  at  some  shops  Lon- 

  Suerts. 

Water  .... 
;  Fixed  oil 
:  Mvronic  acid 
.  Acrid  principle  . 
-  Myrosin 

'  Wheat  flour  and  turmeric 
«  Cellulose 
-■  Ash  . 


8-943 
23-876 
1-565 

6-  451 
14-484 
33-815 

7-  076 
3-790 


^  Volatile  oil 

^'itrogen 
iiphur 


100-000 
0-411 
3-339 
0-997 


Alexander. 
Water  .... 
Fixed  oil 
Myronic  acid 
Acrid  principle  . 
Myrosin 

AVheat  flour  and  turmeric 
Cellulose 

Ash     .      .       ■  ■ 


Volatile  oil 
Nitrogen 
Sulph-jr 
L  X  2 


8-347 

29-  604 
1-915 
3-150 

13-893 

30-  514 
8-987 
3-590 

100-000 
0-503 
3-164 
0-899 
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Lindseij. 

Water  .... 
Fixed  oil     .      .  • 
Myronio  acid 
Acrid  principle  . 
Mvrosin 

Wheat  flour  and  turmeric 
Cellulose 

Ash     .      .      .  • 


Volatile  oil  . 

Nitrosren 

Sulphur 

Gilbert. 

Water  .      .      .  • 
Fixed  oil    _  . 
Myronic  acid 
Acrid  principle  . 
Mvrosin 

Wheat  flour  and  turmeric 
Cellulose 

Ash     ...  • 


8-870 

0-985 
G-'210 
21 -700 
25-208 
11-688 

3-  743 

100000 
0-259 

4-  304 
0-938 


6-280 
22-OiiO 
1-127 
4-253 
15-802 
38-820 
8-405 
3-753 

100-000 
0-29G 
3-464 
0-817 


Goodman. 

Water  . 
Fixed  oil 
Myronic  acid 
Acrid  principle 
M  y  rosin 
Wlieat,  flour  . 
Cellulose 
Ash 


Volatile  oil 

Nitrogen 

Sulphur 


aark. 


Water  . 
Fixed  oil 
Myronic  acid 
Acrid  principle 
My  rosin 
Wheat  flour . 
Cellulose 
Ash  . 


Volatile  oil 
Nitrogen 
Sulphur 


8-950 
26  896 
1-810 
.0-186 
15-577 
30-559 
7-276 
3-740 

100-000 
0-477 
3-.374 
0-941 


9-582 
18-314 
0-385 

7-  026 
20-818 
32-805 

8-  653 

2-  417 

100-000 
0-101 

3-  325 
0-905 


Volatile  oil  . 
Nitrogen     .      .  t 
Sulphur 

From  an  examination  of  tlie  foreo:oing  analyses  it  is  apparent  that 
.enuine  6.o,<;n  mustard  should  contain  about  36  per  cent,  of  fixed  od 
ft  least  1  vev  cent,  of  volatile  oil  of  mustard,  about  4  per  cent  of  aciid 
Sinctle  and  tlat  it  should  furnish  ahout  1  -5  per  cent,  o  sulphur-  and  5 
Je^^cent  of  nitroo-en  ;  that  genuine  white  mustard  should  yield  ahout 
Ihe  ?am;  amount^of  fixed  S,  over  10  per  cent  of  acnd  prmcrple  and 
nearly  the  same  amount  of  nitrogen  and  sulphiu-  as  thehlack;  that 
the  comportSn  of  genuine  mustlrds,  .^^hich  are  made  up  m  vanous 
Sono3S  of  hrown  and  white  mustard-seed,  differs  according  to  the 

™ri.d  ;Z  2Ml  p«  rt  to  38-82  per  ceut.,  that  is  to  say,  from  one- 
fom-th  to  one-third  of  the  article. 
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It  has  abeady  been  pointed  out  that  the  turmeric  is  added  to  the 
mustard  simply  for  the  sake  of  its  colour,  and  to  cover  and  conceal 
the  addition  of  the  wheat  flom-.    In  favour  of  this  addition  it  is  be- 
lieved that  not  a  single  reason  can  be  adduced,  except  possibly  that 
its  use  allows  of  the  addition  of  a  larger  quantity  of  brown  mustard- 
seed  than  could  otherwise  be  employed  at  a  given  price,  and  that  thus 
the  public  gain  an  advantage,  wheat  flour  being,  of  course,  cheaper 
than  white  mustard,  which  again  is  less  costly  than  brown  mustard  ; 
but  this  difierence  in  the  cost  must  really  be  very  inconsiderable,  and 
if  obtained  at  the  expense  of  the  pmrity  of  the  'article,  the  practice 
should  be  abandoned.    At  all  events,  it  is  wi-ong  and  misleading  to 
call  these  mixed  articles  by  the  name  of  mustard.  By  making  mustard 
in  all  cases  either  entirely  of  the  brown  seed  or  of  admixtures  of  the 
brown  and  white  seed,  a  wide  range  in  the  qualities  and  prices  of 
mustai-d  is  obtained,  and  the  mustard  in  which  the  white  seed  greatiy 
predominates  can  be  sold,  we  know,  at  a  very  low  price.    We''  trust, 
therefore,  that  the  time  has  now  arrived  for  the  abandonment  of  the  use 
of  wheat  flom-  and  turmeric  in  the  manufacture  of  mustard,  and  that, 
if  the  sale  of  the  mixtures  still  be  allowed,  the  law  will  continue  to 
render  it  compulsory  that  the  mixed  articles  should  be  sold  only  as 
mixtures,  and  not  under  the  name  of  mustard  simply.  We  even  retard 
the  manufactm-e  of  several  varieties  and  qualities  of  the  same  article, 
as  mustard  for  example,  a  very  great  evil,  and  the  public  suffers  in 
pocket  to  a  large  extent  thereby,  the  lowest  qualities  of  these  mixtures 
bemg  constantly  sold  at  the  price  of  the  higher,  and  especially  is  this 
the  case  in  poor  neighbourhoods.    This  is  an  evil  which,  so  far,  has 
been  but  littie  dwelt  upon,  but  it  is  nevertheless  most  serious,  and  it 
vitiates  the  trade  in  the  ai-ticles  mustard,  cocoa,  and  vinegar. 


STRTTCTTJKE  OP  irCTSTARD  SEED. 

Eveiy  entire  seed  consists  of  two  parts,  the  husk  and  the  seed 
proper. 

The  husk  of  white  mustard  seed  is  constituted  of  three  distinct 
membranes. 

The  outer  membrane  is  ti-ansparent,  and  mucilaginous  :  it  consists 
oi  a  layer  formed  apparently  of  two  different  Mnds  of  cells  of  Iar<^e 
size  and  very  pecuHar  stnicture :  those  of  the  first  Idnd  are  of  an  hexa- 
gonal hgm-e,  and  united  by  their  edges  so  as  to  form  a  distinct  mem- 
brane, the  centre  of  each  cell  being  perforated  ;  tiie  ceUs  of  the  second 
land  occupy  the  apertures  which  exist  in  the  previously  described 
ceUs,  and  they  are  themselves  ti-aversed  by  a  somewhat  funnel-shaped 
tube,  which  appears  to  terminate  on  the  surface  of  the  seed :  immersed 
m  wa-ter,  these  cells  swell  up  to  several  times  their  original  volume, 
occasion  the  nipture  of  the  hexagonal  cells,  and  become  themselves 
much  wnnkled  or  cornigated,  the  extremity  of  the  tubes  in  some 
cases  being  seen  protruding  from  the  proximate  termination  of  the  cells. 
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It  is  possible,  however,  that  what  are  here  described  as  two  different 
Iduds  of  cells  really  form  distinct  parts  of  the  same  cells  (fig.  146j. 

It  has  been  noticed  that  when  white  mustard  seeds  are  digested  in 
water  a  thick  mucilaginous  liquid  is  obtained  ;  the  source  of  the  rau- 
cila'>-e'does  not  appear  to  have  been  pointed  out;  it  is  certainly,  how- 
ever derived  fi'om  the  cells  forming  the  tissue  above  described. 


Fig.  146. 


Fragment  of  the  outer  membrane  o£  the  seed  of  White  Mdstakd. 
Magnified  220  diameters. 

The  middle  tunic  consists  of  a  single  layer  of  very  minute  cells,  of 
an  angular  form  •,  it  is  in  the  cavities  of  these  that  the  chief  parts  of  tlie 
coloimng  matter  possessed  by  the  husk  is  seated. 

The  inne)-  membrane  also  consists  of  a  single  layer  of  angular  cells, 
which,  however,  are  several  times  lai-ger  than  those  constituting  tlie 
middle  timic  (fig.  147). 
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The  seed  itself  is  of  a  bright  yellow  colour,  and  of  a  soft,  waxy  con- 
sistence, depending  upon  the  quantity  of  oil  it  contains  ;  it  consists 
of  innumerable  very  minute  cells,  in  the  cavities  of  which  the  oil  and 
other  active  principles  are  contained  (fig.  148). 

Notwithstanding  the  terms  '  floiu' '  and  '  farina '  of  mustard  com- 
monly employed,  ripe  mustard  seed  does  not  contain  a  single  starch 
gTanule,  as  may  be  ascertained  by  means  of  iodine  and  the  micro- 
scope. 

Pig.  147. 


Fragments  of  the  middle  and  inner  tunics  of  While  Mustard  seed,  the  former 
covering  and  lying  upon  a  part  of  the  latter.  Magnified  220  diameters.  A . 
rortion  of  the  middle  tunic.  £.  Afragment  of  the  inner  tunic, shomiig  the 
structure  of  that  membrane. 

In  black  mustard,  the  outer  membrane  of  the  seed  consists  only  of 
the  large  hexagonal  transparent  cells  disposed  in  two  or  thi-ee  layers, 
and  not  perforated  in  the  centre  like  those  of  white  mustard:  the 
other  structiu-es  resemble  those  of  white  mustard  (fig.  149). 

THE  ADTJLTERATIOIfS  OF  MUSTARD. 

The  ordinary  adulterations  of  mustard  are  with  wheat  Jlour  and 
tU7-7nene,  the  employment  of  the  fii-st-named  article  necessitating  the 


520  MUSTAED  AND  ITS  ADULTERATIONS. 

use  of  the  other  to  restore  or  bring  up  the  colour  to  the  original 
standard. 

We  have  already  recorded  the  results  of  many  quantitative  analyses 
of  mustard,  hoth  genuine  and  adulterated.  The  results  of  tlie  exami- 
nation of  42  samples  of  mustard  which  were  purchased  in  the  metropolis 
some  time  back  proved  the  whole  of  them  to  he  adidterated  and  to 
consist  of  mixtures,  in  various  proportions,  of  wheat  flour,  turmeric,  and 
mustard. 

Other  adulterations  sometimes  practised  are  those  with  Cayenne 
pepper,  ginger,  Sinajns  arvensis,  or  charlock,  potato  flour,  ground  rice. 


Kg.  148. 


Sample  of  genuine  ground  WHrrE  Mustahd.  Dra-wn.  with  the  Camera  Lucida, 
and  magnified  220  diameters. 

silicate  of  alumina  or  clay,  plaster  of  Paris,  and  chromate  of  lead.  The 
pepper  is  used  to  impart  pungency  to  it  when  it  has  been  otherwise 
adulterated ;  the  clay  and  most  of  the  other  mineral  substances  for  bidk 
and  weight ;  and  the  chromate  of  lead  to  restore  the  coloiu-  when 
reduced  by  other  adulterations. 

Mr.  Warington  stated,  in  his  evidence  before  the  Parliamentary 
Oonnuittee  on  Adulteration  in  1855,  that  some  of  the  samples  of 
mustard  which  he  examined  contained  from  20  to  30  per  cent,  ot 
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inorganic  matter,  cliiefly  sulphate  of  lime  ;  the  genuine  mustard  when, 
burned  yielding  from  4^  to  6^  per  cent,  of  residue. 

Mi\  Gay,  formerly  a  mustard  and  chicory  manufacturer,  and  after- 
wards Superintendent  of  the  Mustard  Department  in  Her  Majesty's 
Victualling  Yaxd  at  Deptford,  fiu-nished  the  Committee  above  named 


Jig.  149. 


Susk  of  Black  Mustard  seed.  Magnified  220  diameters. 

with,  amongst  other  information,  the  following  respecting  the  adultera- 
tion of  mustard.    He  stated :—  °     r  o 

r.Ll  ^^^^^^  ^^"^J^^,  f  ™Pl«  *o  use  wheaten  flom-,  turmeric,  and 
Cayenne  pepper.  The  adulterants  I  used  were  flour,  turmeric,  Oayemte 
pepper,  and  f/cnf/er.  •' 

'But  farina  is  also  used,  and  potato  starch  is  used  to  a  very  STeat 

SS,  "T'.  ^'"i  0"=^  ^''^^^>  "^^'"^       of       witnesses"  called 

terra  alba,  or  plaster  of  Pans.    I  have  had  some  samples  in  my  office 
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in  the  mustard  department  since  I  liave  been  in  my  present  situation, 
from  which  I  have  extracted  5  ounces  of  gJT)sii>ii  the  pound ;  from 
another  sample  I  got  6  ounces  of  rice  and  wheaten  flour.  I  have  seen 
more  than  50  per  cent,  of  gypsum  in  mustard.' 

With  regard  to  the  adulteration  of  mustard  with  charlock,  Mr.  Gay 
remarks,  '  When  mustard  seed  is  worth  208.  per  hiishel,  and  charlock 
about  6s.  or  8s.  a  bushel,  it  is  worth  buying.' 

It  is  also  alleged  that  jjea  Jlour,  radish  and  rape  seed,  hnseed  meal, 
and  yellow  oc/welave  been  employed  in  the  adidteration  of  mustard. 


Fig.  150. 


rP  I 


This  engraving  represents  the  articles  detected  in  a  .ample  o^^^^^^^^^ 
seed  ;  e  e,  fragments  of  the  seed  itself. 

No  less  than  four  different  qualities     ^^i^^^^'-^^^^.^S^^ff  ^^^^^^^ 
mustard  manufacturer,  imder  the  name  of  '  Seconds,  'ime,  bxiper 
fine'  and  'Double  Superfine;'  the  chief  difference  between  these 
ifocles  is  that  the  lower  the  quality  the  larger  the  proportion  of  wheat 
flmiv  and  turmeric  which  they  contain.  .    j  :„ 

T^fpractTce  of  making  so  many  different  qualities  of  mustard  9 
onen  toCuch  obi ection, 'since  it  gives  the  unscrupulous  dealer  the 
Neatest  scope  for  Lposition.    The  poor  man  buys  his  mustard  by  the 
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ounce,  and  for  this  lie  usually  pays  Id.,  receiving-  in  return  seconds, 
liue,  or  superfine  mustard,  according  to  the  conscience  of  the  vendor. 

It  can  now  be  understood  how  it  happens  that  some  of  the  mixtures 
which  we  buy  for  mustard  scarcely  possess  the  flavom-  of  that  article, 
and  how,  when  used  for  poultices,  they  produce  little  or  no  eftect,  a 
matter  oftentimes  of  ^atal  consequence. 

Doubtless  we  shall  be  told  by  the  mustard  manufacturer  that 
genuine  mustard  is  a  very  unpalatable  thing,  that  it  is  bitter  to  the 


Fig.  151. 


^^^^  ,  #77  w 


MusTAHD,  a  a ;  adulterated  with  6  6,  wheat  flour ;  c  c,  turmeric  ;  and  d  d, 
Cayenne.   Magnified  225  diameters. 

taste,  and  not  pleasant  to  look  at ;  but  the  answer  to  this  is  that  the 
article  mustard  is  not  always  made  according  to  one  receipt,  and  that 
there  exist,  even  in  England,  a  few  manufactm-ers  who  make  and  seU 
on  y  genuine  mustard,  and  that  the  demand  for  genuine  mustard  has 
ot  late  undergone  a  very  great  extension.  In  fact,  ere  long  we  believe 
but  little  else  than  the  genuine  article  will  be  manufactured  and  sold. 

THE  DETECTIOIf  OP  THE  ADTOTEEATIONS  OP  MTJSTAED. 
The  defectimi  of  the  organic  adulteratiom.— The  detection  of  the 
ordinary  adulterations  of  mustard  is  efiected  very  readily  by  means  of 
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tlie  microscope.  The  characters  of  wheat  flour  are  described  and 
figured  at  p.  289,  and  of  turmeric  under  the  head  of  that  article. 

The  adulterations  by  the  other  vegetable  substances  referred  to  are 
aLso  disco^•erable  with  the  microscope.  Descriptions  and  figures  of 
pod  jjepper  will  be  found  under  the  head  of  '  Cayenne,'  and  of  linseed 
meal  under  that  of  '  Pepper.' 

The  presence  of  turmeric  is  also  discovered  by  adding  strong  an)- 
monia  to  a  small  quantity  of  the  mustard,  causing  it  to  become  of  an 

■pig.  152. 


EusH  of  Chahlock  Seed,  Sinapis  arvensis.   Magnified  220  diameters. 

orange  red  colour  if  that  substance  is  present.  This  is  a  very  simple 
and  efficient  test.  The  characters  of  mustard,  adulterated  with  wheat 
flour,  tvmneric,  and  Cayeuue,  are  exhibited  in  figs.  150  and  151. 

On  one  occasion  we  succeeded  in  detecting  by  the  microscope  tur- 
meric in  a  sample  of  mustard  when  added  in  the  minute  proportion  ot 
two  ounces  to  fifty-six  pounds  of  seed,  or  one  part  of  turmeric  to  448 
parts  of  mustard. 
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As  there  is  good  reason  to  telieve  that  the  seeds  of  charlock  and 
rape  are  sometimes  employed  in  the  adulteration  of  mustard,  we 
append  figm-es  and  descriptions  of  the  husks  of  tliose  seeds. 

Structure  of  Sinapis  arvensis,  or  Charlock, — The  husk  of  this  seed 


Fig.  153. 


Musk  of  Eape  Seed.  Magnified  220  diameters. 


resembles  in  colour  very  closely  black  mustard,  from  which,  how- 
ever, on  a  careful  examination,  it  may  be  discriminated  by  means 
of  the  microscope,  notwithstanding  the  statement  of  Mr.  Gay,  made 
before  the  Parliamentary  Committee,  <that  no  analjiiical  chemist 
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could  detect  charlock  seed  mixed  with  mustard,  even  with  the  micro- 
scope.' 

While  it  aj^a-ees  in  colour  with  the  husk  of  black  mustard,  it  ap- 
proaches in  structure  nearer  that  of  white  mustard,  from  which,  how- 
ever, it  may  be  distinguished  in  the  most  satisfactory  manner.  The 
chief  difference  is  in  the  cells  of  the  outer  or  mucilafrinous  coat :  these 
are  smaller  and  more  delicate  than  those  of  the  husk  of  white  mustard : 


Husk  of  seed  described  as  East  Indian  Kape,  but  -which  resembles  a  species 
of  Mustard.   Magnified  220  diameters. 

they  are  perforated  like  them,  however,  but  in  addition  they  each  seem 
to  be  made  up  of  nmnerous  angular  very  delicate  and  minute  cells  ; 
these  are  very  characteristic  of  the  seeds  of  charlock  (tig.  152). 

Structure  of  ra2K  seed. — The  membranes  forming  the  husk  of _  ra,pe 
seed  are  so  distinct  that  no  difficulty  need  be  experienced  in  distin- 
guishing this  seed  from  those  of  any  of  the  mustards.    It  is  composed 
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of  two  membranes,  tlie  outer  resembling  somewhat  the  second  mem- 
brane of  the  husk  of  the  mustards,  but  the  cells  are  much  larger,  and 
in  consequence  their  cavities  do  not  appear  black  in  general,  but  more 
or  less  liijht,  the  walls  of  the  cells  being  thick  and  well  defined ;  near 
the  umbilicus  of  the  seed  the  cells  usually  are  disposed  in  a  linear 
manner.  The  innermost  membrane  does  not  present  any  peculiarity 
(fig.  153). 

In  a  sample  of  rape  cake  forwarded  to  us  for  examination,  and  sus- 
pected to  be  adulterated  with  mustard,  we  met  with  what  appeared 
to  be  the  husk  of  a  species  of  mustard.    It  is  represented  in  tig.  155. 

Pig.  155. 


a 


Transverse  and  Vertical  Sections  of  husk  of  a  species  of  Mustahb  Sfed  met  with 
in  a  sample  of  adulterated  rape,  and  from  the  consumption  of  which  some 
cattle  are  said  to  have  died. 

It  approaches  in  structm-e  most  nearly  to  the  husk  of  black  mustard, 
t  but  the  cells  of  the  fii-st  coat  are  perforated,  and  those  of  both  the 
!i first  and  second  coats  are  much  larger;  in  the  large  size  of  the  cells 
|>of  the  second  coat  it  comes  somewhat  near  to  the  husk  of  rape  seed  ; 
hbut  then  in  this  we  have  never  met  with  any  outer  coat  of  large 
colourless  cells.  The  husk  in  question,  therefore,  belongs  most  pro- 
fa  bably  to  some  foreign  species  of  mustard. 

Eadish  seed,  on  account  of  its  price,  is  scarcely  likely  to  be  employed 
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in  the  adulteration  of  mustard  ;  it  is  not  necessary,  tlierefore,  to  give 
a  description  of  its  structure. 

THE  DETECTION  OF  THE  INORGANIC  ADTTLTEEATIONS. 

For  the  discovery  of  the  inorganic  cidulte^-atiom  of  mustard,  recoui-se 
must  be  had  to  chemistry. 

The  process  for  the  detection  of  silicate  of  alumina  or  clay  is  giveu 
at  p.  143  ;  of  f/ypsum  or  sulphate  of  lime,  at  p.  144 ;  and  of  chrome  yelloio 
or  chromate  of  lead  in  the  article  on  *  Coloured  Sugar  Confectionery.' 
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CHAPTER  XXXI. 
PEPPER  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  added  vegetable  or  mineral  substance  or  any  extraneous  mineral  matter 

exceeding  1  per  cent. 

chiefly  employed  fo^.  dietetic  anTSin^;  t^tts  whTt  S 

;  gathered,  dried  in  the  sXaS  S  ,t        °  *■"> 
.minHed,formin»ah>rdened  wri^-L  !  I      .?       «™»™cted  and 

M'Onlloch/'Dictionaiy  of  OoZSce  f'""' 
-hen"„:S:dn„'t\^^^^^^^^^  to  best 

™til  it  cease,  to  L  woiSCno-    Th.  ft  """-y 

its  benches,  in  long,  "^s&j't,'^:L':z:.f::'^'i^^, 
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.l.en  ripe  it  is.of  a  l^right  ved  colour.  After^^^^^^^^^^^ 
spread  on  :.ats  in  the  sua  when  ^t^oses  gjed  c  ^^^^ 
Hack  and  slinvelled  as  '^^j^-  ^^een  gathered  at  the  proper 

tree  from  stdto,  a"4,.e»ly  fry  f';;';;^;^ j,,,^  s^„„,te,  ftee 

dleTSrt  Cn.rweis«.c.  so.,  .M 
*^mte  Sror  wieties  of  tave  d«o  to  distm- 

l^Sra^JlM  SU  »  co..ndeUe  peppe.  « 
'■"Vgi..  CO- 

LySire\SpoiXV"l=otrttitW  a.-  e.pe.ive  .0. 
small  sort  would  pay. 

COMPOSITIOK  OF  PEPPER- 

The  active  properties  "'f  W^iE^Tubs^^^^^ 

ing  to  Pelletier  ^  and  Luca  ^  :— 

ou-      .     Phvs '  XV  344.      ^  Schwartze, '  Pharm.  Tabella.' 
1  '  Ann.  de  Chim.  et  de  Phys.  xv. 
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Black  Pepper  (PeUetier),  I  r, 

Acrid  soft  resin.  A,,...  ^^PP"  (^uca). 

volatile  oil  ,       .       .       _  j.Q^ 

Extractive,  gum,  and  salts .'  12-50 

atarch ...  1  o.rn 

Albumen     .      ,      .  2-50 

Woody  lihre       .       '       *  29  00 

Water  and  loss    .      .  19.29 


Volatile  oil 
Piperine. 
Extractive. 
Gum. 
Bassorin. 
Starch. 
Malic  acid. 
Tartaric  acid. 

Potash,  lime,  magnesia,  and  salts 
\V  oodv  libre. 


100-00 


The^rSi  the  piperine  is  probably  included  in  the  resin 

volaSoT    "  '"'^^'^      '^^-l^'l        etbe'  but  not  in 

iBrSp^^^^'f^  ""'^  lias  the  odour  and  taste  of  pepper     It  hmU 
lb/  o  0.  and  has  a  specific  gravity  of  0-864  ^""'^^  ^* 

alcohol,  W  which  pS  it  dissolves  in 

ether  and  acetic  acid  XSssS  ve^t Xt  trfiT^t'"  """^f  ""'^^'^  ' 
solvent  as  alcohol    If  H,-=c^it^  •     '  ^^i'^  t^e  hi-st  is  not  so  good  a 

The  alcoholic  solution  of  ti:^^^^^^^^  ^«t  in  afkalies 

pepper.    With  strong  sXhurfcS  d  ?f  f    ^  ^^7^  ^^^^  that  of 

and  hydi-ochloric  Ss  K  ?t  &  t  ^ -^^^^^^^^  ^t"c 
afterwards  red.  ^"^'^  greenish-yeUow,  then  orange,  and 

pipeS^^cZjsrs  ^^si^^;? J  ^  «s  - 

oil,  assumes  a  brilW  blood^ml  cSonr  l  ^''^^^^ 

potash,  and  when  boiled  !^th  tht  if  v?^^^^  '^^^stic 

distiUed  over.  ^'^^^s  pipendme,  which  may  be 

STEUCTTTKE  OP  PEPPER. 
Stt-ucture  of  the  berrv.—The  berrv  of  tlia  T.1  ^ 
^sesses  a  structiire  of  considerate  conLtn?  PfPPer  plant  pos- 

^  and  since  without  an  accurate  kn^fc^'^?^  T'^  ^^'^^  '^^  > 
^  we  .cannot  hope  to  be  in  a  nositinTl!  f  .  .  organisation 
:  tions  to  which  this  article  LS  ec?  i?  ^""^^^"^^^^  ^^ultera- 

^  somewhat  minutely  the  tissues  wS^k  LtS  hT  describe 

In  a  section  of  the  beirv  Mn     ?     ^""^^  formation, 
outer  and  an  inl-:  the  h^;t  Ts\C?       ''.^  distinguished-an 
^'Second  more  or  less  white,  haJf  and  ^°d  the 

-eed  where  it  is  frequently  soft' JSvtS'^'  " 

When  a  thm  vertical  section  ^of?he  ^it'or  cortical  part  of  the 
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h9vw  is  examined,  -by  means  of  the  microBCope,  it  is  seen  to  he  com- 
l":^ro^  lZTAJ^ci  parts,  each  of  which  .s  --txtuted  of  one  or 
r       ,  n  c-.Avi  a  section  is  represented  m  ng.  loo. 

"^TfeSart  of  the  heSy  marked'  a  in  the  following  figure,  is 
The  exteinal  part  o  ^^^^  yertically.  These 

constituted  of  cells  ot  an  eion  ^  i  ^.^^  probably 

^nrc!:^:t^h^:<:^^^^^  the  circumferenc^e;  when 

Twel  sTdeways,  they  appear  rather  more  than  twice  as  long  as  broad  ; 

Pig.  166. 


section  of  a  P™  BKaKV  ^^^^^^.^Z^l^^^^^^^ 
'^:l'tlVZT^eC^^^^  -g^ifled  80  diameters. 

..d  when  seen  endwavs,  ^^Z^^^" 
rriSL%"on  as::teringintotheformation  ofthe 

epidermis  ofthe  sugar-cane.  previously  described: 

^  The  cells  next  m  order,  a^^^/^""  "IXu-ed  •  they,  as  well  as  the 
cells  rest,  are  small,  ang;ular,  and  dark  coloured,  tliey, 

radiate  cells,  are  shown  m  fig. 
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The  small  angular  cells,  just  noticed,  do  not  appear  to  separate 
readily  from  the  cells  which  occur  immediately  beneath  them,  and  of 
which  they  are  probably  mere  modifications  ;  strictly  speaking,  there- 
fore, they  ought  to  be  considered  as  forming  part  of  the  layer  next  to 
be  described,  and  we  have  spoken  of  them  separately  only  for  conve- 
nience of  reference  and  description. 

The  cells  now  to  be  described  are  two  or  three  times  larger  than 
those  previously  noticed,  and  very  numerous,  forming  about  half  the 
thickness  of  the  cortex ;  they  are  all  more  or  less  coloured,  and  the 
colour  deepens  as  the  cells  approach  the  next  layer.  The  position  of 
this  second  layer  is  pointed  out  at  h,  hg.  156.    The  thii-d  layer  is  very 


Fig.  157. 


A  portion  of  the  corter  of  the  Pepper  Behet,  viewed  on  the  surface,  showing 
the  cells  which  foiTii  its  first  and  second  layers.  Drawn  with  the  Camera 
Lucida,  and  magnified  120  diameters. 


thin,  and  is  composed  of  woody  fibre,  bundles  of  spii-al  vessels  of  small 
size,  and  formed  of  single  threads  (fig.  156,  c). 

The  junction  of  the^second  with  the  third  layer  is  pointed  out  by  a 
dark  line  situated  about  the  middle  of  the  cortex  (see  fio-.  166,  c) 

_  The  fourth  layer  is  composed  of  numerous  large  celfs,  and  it  con- 
stitutes the  gi-eater  part  of  the  remaining  half  of  the  cortex  (fio-.  156  cl) 
As  the  cells  approach  the  central  part  of  the  berry,  they  become  much 
modified,  two  or  three  times  smaller,  and  of  a  deep  red  colour  (ficr. 
i5b,  e)  ;  these  cells  might  be  described  as  forming  a  fifth  and  distinct 
layer. 

The  numerous  ceUs  which  form  the  fourth  layer  contain  a  very 
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great  abundance  of  oil  globules,  and  it  is  in  it  tliat  the  essential  oil  of 
the  pepper  berry  is  chiefly  located  (fig.  158). 

The  cells  wliich  form  the  lifth  and  last  tissue  which  enters  into  the 
composition  of  the  cortex  of  the  pepper  berry  are  divisible  into  two 
or  three  layers;  the  outer  are  coloured,  aud  the  inner  invai-iably 
colourless  ;  the  colourless  cells  present  a  reticulated  appearance,  form- 
ing a  transparent  lamina  which  frequently  separates,  as  a  distinct  tissue 
(iig.  156,/). 

The  central  part  of  the  berry  or  seed  is  constituted  of  cells  of  large 
size  and  angular  shape ;  they  are  about  twice  as  long  as  broad,  and 


X  portion  of  the  fouriU  lamina  of  the  cortex  of  Pepper  Berry,  showing  the 
oil  contained  in  the  cavities  of  the  cells.  Dra-n-n  with  the  Camera  Lucida, 
and  magnified  120  diameters. 

disposed  in  a  radiate  manner ;  in  the  outer  part  of  the  seed  they  are 
adherent,  hard,  and  stonelike,  while  in  the  centre  they  are  readily 
separable,  and  often  form  a  powder  resembling  flour  (fig.  156,  g,  and 
fig.  159). 

When  the  pepper  berry  is  macerated  in  water  for  some  hours,  the 
cortical  part  apparently  separates  without  difliculty  from  the  seed 
proper;  if,  however,  we  examine  the  surface  of  this  closely,  we  observe 
that  it 'is  of  a  reddish  colour,  and  it  becomes  evident  that  a  portion  of 
the  cortex  is  still  adherent,  this  consisting  of  part  of  the  fourth  layer, 
containing  much  of  the  oil,  aud  the  fifth  layer. 
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It  now  tecomes  apparent  that  the  terms  in  common  use,  '  white 
pepper,'  and  '  decorticated  pepper,'  are  not  altogether  correct,  for  the 
berry  is  not  entirely  denuded  of  the  cortex,  nor  is  its  powder  white, 
for  if  a  little  bit  of  it  be  diffused  through  water  on  a  slip  of  glass,  red- 
dish particles  immediately  become  visible :  these  are  fragments  of  that 
portion  of  the  cortex  which  remains  fii-mly  adherent  to  the  seed  itself. 

"When  sections  of  the  inner  part  of  the  pepper  berry  are  immersed 
in  water  for  a  short  time,  they  assume  a  yellowish  or  canary  tint,  and 


Fig.  159, 


Section  of  the  central  portion  of  the  Pepper  Berry,  showing  the  two  kinds  of 
cells  of  which  it  is  composed,  the  colourless  and  colonred  cells,  and  also  its 
junction  with  the  cortex.  Drawn  with  the  Camera  Lucida,  and  magnified 
120  diameters. 

when  examined  with  the  microscope,  the  colour  is  seen  to  be  confined 
to  certain  of  the  cells  only,  of  which  the  sections  are  composed ;  these 
cells  are  rather  larger  than  the  ordinary  cells ;  they  are  placed  at 
tolerably  regular  distances  from  each  other,  and  they  reflect  a  deep 
yellow  colour.  In  recent  sections  which  have  not  been  immersed,  in 
water,  the  cells,  which  afterwards  become  yellow,  may  be  distinguished 
by  a  darker  shading,  and  sometimes  by  a  faint  tint  of  colour.  The 
deepening  of  colour  is  determined  by  the  action  of  the  salts  contained 
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in  water  on  the  contents  of  these  cells,  which  differ  chemically  from 
those  of  the  ordinary  cells. 

It  is  prohably  in  tliese  coloured  cells  that  the  piperine  is  located. 
Alcohol  and  nitric  acid  deepen  the  tint  very  greatly,  and  on  the  appli- 
cation of  concentrated  sulphuric  acid  to  dry  sections  of  the  pepper 
berry,  they  become  of  a  reddish  hue,  the  change  of  colour  being 
limited,  in  the  first  instance,  to  the  peculiar  cells  in  question.  These 
results  of  the  use  of  sulphuric  acid  are  such  as  ensue  with  pipeline 
itself. 

Fig.  len. 


G-ronnd  and  unadulterated  Black  Pkppek.   Prawn  with  the  Camera  Lucida, 
and  magnified  120  diameters. 

The  structure  of  the  central  part  of  the  pepper  beriy,  and  the  posi- 
tion and  character  of  the  coloured  cells,  are  shown  in  fig.  159. 

Now,  in  ground  black  pepper,  all  the  structiu-es  which  we  have 
described  may  be  traced  out  in  a  broken  and  fi-agmentary  condition 
(fig.  160),  but  in  white  pepper  certain  of  these  tissues  only  exist — 
viz.,  a  part  of  the  foiu-th  layer  of  cells,  which  contains  the  oil,  and 
tl^^  fifth  cellular  lamina. 

Before  the  observer  is  in  a  position  to  detect  the  adulterations  of 
pepper,  it  is  necessary  that  he  should  well  understand  the  appearances 
and  structure  of  ground  pepper,  both  black  and  white. 
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Wlien  black  pepper  is  diffused  through  water,  little -particles  of 
three  diHereut  kinds,  intermixed  with  a  tine  powdery  substance,  are 
visible  ;  some  of  these  are  black,  others  reddish,  and  the  last  white ; 
the  black  are  fragments  of  the  outer  and  the  red  those  of  the  inner 
cortex,  while  the  white  are  the  pulverised  seed  itself.  The  white 
powder  is  formed  of  the  cells  of  the  seed,  some  united  in  twos  and  threes, 
but  the  majority  either  separated  aud  entire  or  broken  into  pieces ; 
these  cells  contain  starch  granules  of  extreme  minuteness.  The  en- 
gi-aving  (fig.  160)  will  serve  to  convey  a  good  idea  of  the  appearances 
presented  under  the  microscope  by  ground  aud  unadulterated  black 
pepper. 

In  the  black  particles  but  little  evidence  of  structure  is  in  general 
to  be  seen,  and  where  doubt  is  entertained  of  their  natiu'e,  it  is  neces- 
.saiy  that  they  should  tu-st  be  bleached  with  chlorine,  torn  into  pieces 
with  needles,  and  then  examined  with  the  microscope. 

In  genuine  white  pepper  no  black  fragments  ought  to  be  seen,  but 
numerous  reddish-brown  particles  are  always  present,  usually  adhe- 
rent to  the  white  cells  which  form  the  central  part  of  the  berry. 

These  white  cells,  when  separated  from  each  other,  whether  entire 
or  broken,  being  of  angular  form,  very  hard,  and  reflecting  deep 
shadows,  bear  a  strong  resemblance  to  particles  of  sand,  for  which 
they  woidd  be  veiy  apt  to  be  mistaken  by  persons  unacc[uainted  with 
the  microscopic  structm-e  of  the  pepper  beny. 

The  cavities  of  these  cells  are  filled  with  starch  granules  of  exceed- 
ing minuteness,  and  as  in  groimd  pepper  many  of  the  cells  are 
broken  it:to  pieces,  some  of  the  granules  become  effused  ;  these  are  so 
very  small  that  they  are  generally  in  a  state  of  molecular  movement, 
and  they  resemble  spherules  of  oil  rather  than  starch  granules.  No 
other  starch  grains  exist  in  the  berry  besides  those  just  described. 

So  great  is  the  quantity  of  starch  contained  in  the  seed  or  central 
part  of  the  berry,  that  the  cells  when  touched  with  a  solution  of  iodine 
become  deep  blue ;  the  yellow  cells  being  affected  in  the  same  manner, 
but  more  tardily  and  to  a  less  extent. 


THE  ADtrXTERATIONS  OP  PEPPEK. 

Pepper  used  formerly  to  be  subject  to  very  great  and  scandalous 
adulterations,  and  this  although  it  is  oue  of  the  few  articles  placed 
under  the  supei-visiou  of  the  Excise. 

Results  of  the  Examination  of  Samples. 

Of  forty-three  samples  of  black  and  white  pepper  examined  in 
1851,  we  found  nearly  one-half  to  he  adulterated. 

The  substances  detected  were  linseed  meal,  mustard  husk,  wheat 
flour,  i)ea  flour,  sago,  rice  flour,  and  pepper-dust.    To  this  list  must 
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now  lie  added  woochj  Jibre,  recently  met  with  by  ourselves  and  also  by 

Pepper" dust,  H.P.D.  or  P.D.,  consists  either  of  the  sweepings  of 
the  warehouses,  or  else  of  an  article  made  up  in  imitation  ot  ground 
pepper,  and  expressly  used  for  the  adulteration  of  that  article. 

Mr  Georo-e  Phillips,  of  the  Excise,  gave  the  following  e^^dence 
before  the  oSmmittee  on  Adulteration,  respecting  the  adulteration  of 

^^^?Xhe  number  of  samples  examined  in  nearly  twelve  years  was  1 ,116, 
of  which  576  were  found  to  be  adulterated.  We  have  found  i-uy, 
saqo,  potato  starch,  Unseed  meal,  Mis,  husJcs  of  red  and  white 
mustard,  wheat  bran  and/ou;-,  and  ground  f/i/psum  or  crystallised 
sulnhate  of  lime.  The  stock  material  for  adulterating  pepper  is  the 
busies  of  red  and  white  mustard  seeds  and  linseed  meal,  warmed  up 

^^^OnOO  lbs  of  an  article  seized  in  1852  at  Chelmsford  a-s  pepper, 
2  lbs.  only  consisted  of  pepper,  the  rest  bein-  huslis  of  mustard, 
chilis,  and  rice.  Ita]^e  seed  has  also  been  found  m  pepper.  _  Mr.  Gay, 
from  Whose  evidence  we  have  before  quoted,  states  that  white  pepper 
is  sometimes  adulterated  with  bone  dust,  commonly  called  21-0/7/  dmt. 
He  also  gave  the  following  receipt  for  P.D.:-'  It  is  maniifactiu-edfrom 
rape  or  linseed  cake,  mustard,  husks,  and  Cayenne  pepper.  _ 

Many  years  since  itwas  not  uncommon  to  meetwith  mfjicud pepper- 
corns; instances  of  their  occurrence  are  mentioned  m  Thomsons 
'Annals  of  Chemistry,'  and  also  by  Acciun,  m  the  second  edition  of 
his  celebrated  work, '  Death  in  the  Pot.' 

Accum  writes  I  have  exammed  large  packages  of  both  blac^ 
and  white  pepper  by  order  of  the  Excise,  and  have  found  them  to 
contain  aboSt  16  per  cent,  of  this  artihcial  compound  This  spurious 
pepper  is  made  of  oil-cake,  the  residue  of  the  Imseed  from  which  the 
STis  been  pressed,  common  clay,  and  a  portion  of  Cayenne  pepper 
idrmed  into  a  mass,  U  granulated  by  being  first  pressed  through  a 
^ipvp  and  then  rolled  in  a  cask.'  , ,    .    ,  »  ,i 

Tht  case  of  pepper  used  to  afford  a  lamentable  instance  of  the 
ineificiency  of  the  Excise  in  checlring  adulteration. 


The  2n-csence  of  3Imeral  Matter  in  Pepper. 

A  short  time  ago  we  received  for  analysis  a  sample  of  pepper, 
which  had  formed  the  subject  of  a  prosecution  ™der  he  late  Adult^^^^ 

?Sgj:teirSf^s:^ 

cance  of  the  details  above  recorded. 
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Various  samples  of  pepper,  including  the  whole  berries  of  white 
and  black  ground  peppers,  were  subjected  to  examination,  with  the 
results  shown  in  the  following  tables : — 


1 

1 
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The  foregoing  results  may  be  summarised  as  follows : — 


Description  of 

Average 

Average 

Pepper. 

Ash. 

From 

To 

of  Sand. 

Prom 

To 

White  whole  pepper 

1-26 

0-90 

1-73 

0-27 

0-13 

0-70 

Black  „ 

4-26 

3-67 

4-61 

0-18 

0-11 

0-27 

White  ground  pepper 

1-45 

0-50 

2-13 

0-30 

0-13 

©-.OO 

Black  pepper,  . 

7-92 

3-50 

11-50 

3-13 

1-13 

4-95 

540 


PEPPER  AND  ITS  ADULTERATIONS. 


The  general  conclusion  deducible  from  the  foregoing  analyses  is, 
that  a  great  proportion  of  the  black  peppers  sold  in  shops  contain  a 
considerable  admixtui-e  of  earthy  matter,  composed  to  a  large  extent  of 
silica.  This  quantity  is  far  in  excess,  as  will  be  seen  from  the  analyses, 
of  anything  which  the  whole  black  berries  afibrd. 

We  have  now  to  enquire — In  what  manner  is  the  presence  of  this 
earthy  matter,  and  of  the  magnetic  particles,  to  be  explained  ?  Is  it 
accidental  or  intentional  ? 

The  residts  of  the  analysis  of  some  of  the  whole  black  peppers 
tend  to  show  that  an  appreciable  amount  of  silica  may  be  present  in 
ground  black  pepper,  derived  from  the  cortex,  and  hence  it  may  be 
inferred  that  if  the  original  whole  pepper  be  of  a  dusty  kind,  or  if  it 
be  taken  from  the  bottom  of  the  bag  or  sack,  it  is  possible  to  conceive 
that  the  quantities  we  have  detected  may  thus  be  accounted  for.  Still,  • 
this  large  amoimt  of  foreign  matter  has  no  right  to  be  present,  and  it 
would  be  a  very  easy  and  simple  thing  to  free  the  berries  before  they 
are  ground  from  nearly  the  whole  of  this  dust.  The  few  magnetic  par- 
ticles discovered  would  appear  to  be  derived  from  the  surrounding  soil. 

The  presence  of  this  dirt  is  due  simply  to  want  of  care  and  clean- 
liness in  the  drying  of  the  berries,  and  its  presence  should  be  strongly 
condemned.  We  would  say  that  not  more  than  1  per  cent,  of  exti-a- 
neous  mineral  matter  should  be  allowed  to  be  present  in  pepper,  and 
that  any  quantity  beyond  this  should  be  regarded  as  an  adulteration. 
However  dusty  the  pepper  may  be  when  bought  by  om-  own  dealers, 
they  might,  where  they  are  so  disposed,  very  readily  fi-ee  it  from  nearly 
every  particle  of  extraneous  matter  before  it  is  ground. 

THE  DETECTION  OF  TEE  ADirLTBRATIOIfS  OF  PEPPEE. 

The  whole  of  the  adulterations  of  pepper  mentioned,  except  that 
with  the  husk  of  pepper,  are  only  to  be  detected  in  a  certain  and  satis- 
factory manner  by  means  of  the  microscope. 

The  characters  of  the  starch  granules  of  wheat,  rice,  and  potato, . 
have  already  been  described  and  figured ;  those  of  wheat  at  p.  289, 
those  of  rice  at  p.  308,  of  potato  flour  at  p.  371,  and  of  sago  at  p.  376. 

The  structure  oi  miistard  md  rape  seed,  and  of  Cff;!/en9ie,willbefound 
described  and  figured  under  the  heads  of  '  jMustard '  and  '  Cayenne  ; ' 
the  method  of  detecting  mlphat.e  of  lime  is  given  at  p.  144. 

It  then  only  remains  for  us  to  describe  the  structm-e  and  appear-- 
ances  of  limeed  meal  and  of  pen  Jlour. 

Sti-uctwe  of  Linseed  Meal. 
Linseed  possesses  a  very  beautiful  structure  :  four  coats  or  tunics 
enter  into  the  composition  of  the  covering  of  the  seed,  and  require 

description.  ,      ,  •  At 

The  outer  coat  gives  the  polish  to  the  seed,  and  is  composed  ot  ;) 
single  layer  of  large  and  colourless  cells,  of  an  hexagonal  form. 
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It  is  in  the  cells  which  form  this  timic  that  the  mucilage  which 
linseed  yields  so  abundantly,  on  infusion,  is  contained. 


Fig.  161. 


structure  of  Linseed.  Magnified  220  diameters. 


The  second  coat  consists  of  a  single  layer  of  cells  enclosing  gi-anular 
matter  ;  they  are  of  a  rounded  form,  and  have  thick  walls. 
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The  third  membrane  is  composed  of  narrow  elongated  cells,  or 
rather  fibres,  some  being  longitudinal  and  others  transverse  ;  these  give 
it  a  striated  and  very  characteristic  appearance  ;  being  firm  and  strong, 
it  forms  the  protecting  tunic  of  the  seed. 

The  fourth  membrane  is  made  up  of  angular  cells,  many  of  which 
are  more  or  less  square,  enclosing  masses  of  colouring  matter,  probably 
of  a  resinous  character,  and  which  readily  fall  out  of  the  cells,  as  repre- 
sented in  the  figm-e. 

The  substance  of  the  seed  consists  of  cells,  in  the  cavities  or  meshes 
formed  by  which  the  oil  and  starch  granules  are  enclosed  (fig.  161). 

The  oil  is  contained  principally  in  the  outer  or  more  superficial  cells, 
in  the  form  of  brilliant  and  pearl-like  minute  di-ops  or  spherules. 

The  starch  granules  are  most  abimdant  in  the  interior  of  the  grain ; 
they  are  angular,  minute,  and  two  or  three  times  larger  than  those  of 
the  peppercorn. 

The  whole  of  the  structures  above  described  may  be  satisfactorily 
detected,  by  a  little  patient  investigation,  in  the  linseed  reduced  to 
powder  or  meal.  The  parts,  however,  most  frequently  and  clearly  seen, 
are  fragments  of  the  fibrous  coat,  and  little  masses  of  the  seed,  from  the 
edges  of  which,  portions  of  the  cellulose  forming  the  transparent  cells 
project,  in  a  radiate  and  vei-y  characteristic  manner. 

Structure  of  pea  Jlour.—Pea,  flour  resembles  very  closely  bean  flour, 
abeady  descrilaed  and  figured  under  the  article  '  Bread.'  The  chief 
difierence  consists  in  the  size  of  the  starch  corpuscles,  which  are  much 
smaller  in  pea  than  in  bean  floiu-. 

On  the  detection  of  pepper  husJiS.—The  presence  of  an  undue  quan- 
titj'  of  pepper  husks  in  black  pepper  may  be  suspected  by  the  appearance 
of  the  article,  its  dark  colom-,  and  the  quantity  of  husk  visible  to  the 
naked  eye. 

It  is  not  often  that  such  an  analysis  is  necessary. 

On  the  detection  of  factitious  pe2)per  berries.— The  suspected  pepper 
should  be  soaked  for  some  time  in  water,  when,  should  it  contain  arti- 
ficial peppercorns,  these  will  become  disintegrated  and  fall  to  pieces. 
Their  composition  is  to  be  ascertained  partly  by  chemical  analysis  and 
partly  by  microscopical  examination.  Pepper  is  now  so  cheap,  how- 
ever, that  it  is  not  likely  that  any  instance  of  this  adulteration  wiU  ever 
again  be  met  with. 

The  processes  for  the  detection  of  sulphate  of  lime  and  bone  dust  have 
already  been  described  elsewhere. 
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CHAPTER  XXXn. 
CAYENNE  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  added  vegetable  or  mineral  substances,  including  those  used  for  colouring. 

Catejote  Peppee  consists  of  the  pods  or  seed  vessels,  ground^  aud  re- 
duced to  powder,  of  different  species  of  Capsicum,  but  prmcipaUy  of 
C  annuum,  C.  haccntum,  and  G  frutescens ;  the  latter  species,  being 
stronger  and  better  flavoured,  yields  the  best  description  of  Cayenne 

^^^The  genus  Capsicum  belongs  to  the  Solanacecs  or  Nightshade  family, 
which  also  includes  the  potato  plant.  _        _       j  •  i 

Cajisicum  annuum  is  a  native  of  America,  but  is  cultivated  m  the 
West  and  East  Indies,  and  to  some  extent  in  greenhouses  in  England 
;  and  other  Em-opean  counti-ies.  „  , 

It  is  an  annual  herbaceous  plant,  and,  according  to  M'Gulloch, 

■  '  one  of  the  hardiest  and  most  productive  plants  found  in  tropical 

■  climates,  growing  luxiu-iantly  in  almost  all  dry  soils,  however  indiffe- 
rent.' In  this  coimtry  it  flowers  in  July,  and  ripens  its  pods  in 
October;  when  immatui-e,  the  berries  are  green,  and  only  gradually 
become  red  as  thev  grow  ripe ;  they  are  used  both  in  the  green  and 
red  states,  and  in' the  undried  and  dried  conditions;  in  the  recent 
state  they  are  emploved  for  pickling ;  when  dried  they  are  used  in 
medicine ;  and,  reduced  to  powder,  they  constitute  Cayenne  pepper.  _ 

The  dried  berries  ordinarily  sold  as  chillies  are  of  this  species  ;  in 
this  condition  they  ai-e  more  or  less  shrivelled,  oblong,  broad  at  the 

■  distal  extremity,  the  calyx  and  stalk  being  usually  adherent  to  the 
broad  end.  Tliey  vary  very  much  in  size  and  form ;  the  largest  are 
two  or  three  inches  long,  and  at  the  base  are  an  inch  or  more  wide ; 

•  they  are  distinguished,  according  to  their  size  and  shape,  into  long- 
;  podded,  short-podded,  and  heart-shaped. 

The  pods  of  this  capsicum  are  hot  and  pungent,  but  they  have  ?io 
i  aroma. 

The  pods  of  Capsicum  frutescens  constitute  what  is  known  as  Guinea 
'  or  Bird  pepper,  and  when  ground  they  fm-nish  the  best  description  _  of 
'  Cayenne  pepper.    They  are  small,  scarcely  an  inch  in  length,  a  line 

or  two  broad,  and  of  a  deep  orange-red  colour.    Each  berry  encloses 

usually  about  a  dozen  flattened,  reniform  seeds. 
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The  pods  are  hotter  and  more  fieiy  than  those  of  C.  annuum ;  they 
are  liliewise  to  some  extent  m-omat,ic. 

The  other  species  of  Capsiciun  have  been  denominated,  from  the 
form  of  the  fruit,  Cherry  chilly  or  Cherry  pepper — Capsicum  cei-asiforme, 
and  Bell  pcjjper,  or  Capsicum  grossum. 

Composition  of  Cayenne. 

The  composition  of  capsicum  "berries  is  shown  in  the  following 
analyses  made  in  the  years  1816  and  1817  ; — 

Biicholz's  analysis. 


(1816.) 

Acrid  soft  resin  (capsiciti)   4*0 

Wax   7-6 

Bitter  .aromatic  extractive   8-6 

Extractive  with  some  gum   21-0 

Gum   9-2 

Albuminous  matter   3-2 

Woody  fibre   28-0 

Water   12-0 

Loss   6-4 


Fruit  of  Capsicum  annuum,  without  seeds       .  lOO'O 


Braconnofs  analysis. 
(1817.) 

Acrid  oil         ...             .      ,      ,      .  19 

Wax  with  red  colouring  matter     ....  0-9 

Brownish  starchy  matter   9*0 

Peculiar  gum   6'0 

Animalised  matter   5-0 

Woody  fibre   67-8 

Salts  :  citrate  of  potash 

Phosphate  of  potash,  and     >   9*4 

Chloride  of  potassium    3-4 )   

Fruit  of  Capsicum  annuum       ....  lOO'O 


Of  capsicin,  the  active  principle  of  Cayenne,  Pereira  gives  the 
following  account : — 

'  Obtained  by  digesting  the  alcoholic  extract  in  ether,  and  evapo- 
rating the  ethereal  solution.  It  is  a  thick  liquid,  of  a  yellowish-red 
or  reddish-brown  colour,  which  becomes  very  fluid  when  heated,  and 
at  a  higher  temperature  is  dissipated  in  fiunes.  Half  a  gi-ain  of  it 
volatilised  in  a  large  room  causes  aU  who  inspire  the  air  of  the  room 
to  cough  and  sneeze.  By  exposure  to  air  and  light  it  solidifies  ;  it  is 
decolorised  by  chlorine  ;  it  is  slightly  soluble  in  water  and  in  vinegar, 
but  very  much  so  in  alcohol,  ether,  oil  of  tm'pentine,  and  the  caustic 
alkalies ;  with  baryta  it  foi-ms  a  solid  acrid  combination.' 


CAYENNE  AND  ITS  ADULTEKATIONS. 


545 


Structure  of  the  Capsicum  Bemj  or  Fruit. 

Eacli  capsicum  berry  is  made  up  of  three  parts — an  outer  skin  or 
epidermis,  parencliyma,  and  seeds. 

The  epidermis  consists  of  flattened  cells,  tortuous  and  angular  in 
form.  Viewed  on  the  outer  or  upper  siu-face,  the  borders  of  the  cells 
are  seen  to  be  well  defined ;  they  are  often  four-sided  ;  the  waUs  are 
thick,  beaded  here  and  there,  the  beading  of  one  cell  con-esponding  to 
that  of  the  contiguous  cells;  lastly,  the  lines  of  jimction  of  the  cells 
are  sometimes  faintly  indicated. 


Fig.  162. 


EPiDEBiiis  of  Capsicum,  outer  and  inner  surfaces.  Magnified  200  diameters. 

Viewed  on  the  inner  surface  the  ceUs  appear  less  angular,  but  more 
tortuous,  the  walls  broader,  and  much  more  beaded  (fig.  162). 

When  fragments  of  the  epidermis  are  seen  immersed  in  water, 
numerous  oil  globules  of  a  deep  and  beautiful  orange-red  colour  are 
visible ;  some  of  these  are  imbedded  in  the  cavities  of  the  cells,  but 
the  majority  float  freely  in  the  surroimding  water  (tig.  162). 

_  In  fi^es  163  and  164  the  general  appearance  presented  by  the 
epidermis  on  a  more  superficial  examination  is  exhibited,  the  minute 
details  being  omitted. 

The  parenchyma,  which  unites  the  seeds  with  each  other,  and  the 
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whole  with  the  epidermis  and  peduncle,  is  likewise  composed  of  cells ; 
they  are  of  a  rounded  or  oval  form,  the  parietes  are  thin,  and  their 
cavities  usually  contain  a  very  larg-e  quantity  of  oil,  in  the  form  of 
innumerable  droplets,  many  of  considerable  size,  and  which  impart  to 
this  object,  viewed  under  the  microscope,  a  very  beautiful  appearance 
(tig.  166). 

Fig'.  166  represents  a  section  of  the  cortical  portion  of  the  pod. 
In  the  seed,  two  parts — the  covering-  of  the  seed  and  the  seed  itself 
— require  to  be  described. 

The  coveriag  of  the  seed  possesses  a  very  peculiar  structure,  which 


Fig.  103. 


A  fragment  of  the  epidermis  of  the  Catsicuw  Beruy,  viewed  on  its  outer  snriace. 

it  is  difficult  fully  to  understand,  and  therefore  not  easy  to  describe 
accurately.  It  is  of  a  bright  yellow  colour,  and  of  considerable  thick- 
ness. Viewed  under  the  microscope,  its  outer  sm-face  presents  a  cel- 
lular texture,  the  margins  of  what  appear  to  be  the  cells  being  thick 
and  tortuous,  and  the  cavities  dark  and  depressed,  as  though  they  were 
rather  apertures  than  the  hollow  interiors  of  the  cells. 

Vertical  sections  of  this  covering  present  a  very  singular  appear- 
ance. In  this  view  it  appears  as  though  composed  of  a  number  of  tooth- 
like processes,  having  a  somewhat  radiate  disposition,  with  intervals 
between  each  process,  the  points  or  summits  of  the  teeth  ending  in 
very  minute  hook-like  spines,  the  points  of  these  being  lost  in  a  thin 
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membrane  forming  the  external  covering  of  tlie  seed.  It  appears  that 
these  tooth-like  processes  really  consist  of  the  thickened  walls  of  con- 
tiguous cells  (fig.  1G7) ;  that  this  is  really  so  is  evident  from  an  ex- 
amination of  the  upper  of  the  two  sketches  on  the  left  of  the  figui-e ; 
these  cells  are  best  developed  at  the  extremity  of  the  seed. 

The  seed  proper  consists  of  minute  angular  cells,  having  thick  and 
colourless  parietes ;  their  cavities  are  filled  with  molecules  and  glo- 


Fig.  164. 


A  fragment  of  the  epidermis  of  the  Capsicum  Bkrht,  viewed  on  its  inner  surface. 

bules  of  oil  of  a  yellowish  or  reddish-yellow  colour,  but  do  not  contain 
starch. 

THE  ADULTERATIONS  OF  CAYENNE. 

Cayenne  is  subjected  to  even  more  extensive  adulteration  than 
ordinary  pepper. 

liesulfs  of  the  Examination  of  Sajnples. 

Of  tioeniy-ei(fht  samples  of  Cayenne  submitted  to  microscopical 
and  chemical  examination,  no  less  than  txventy-four  loere  adulterated, 
and  four  omly  were  genuine. 

Twenty-two  contained  mineral  colouring  tnatters. 

In  thiHeen  cases  this  consisted  of  red  lead,  which  was  present  in 
some  of  the  samples  in  very  considerable  quantities,  while  in  the  re- 

NN  2 
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maining  seven  samples  it  was  some  red  ferruginous  earth,  Venetian 
red  or  red  ochre. 

Vermilion,  or  sulphuret  of  mercury,  was  present  in  one  of  the 
Cayennes. 

Six  of  the  Cayennes  consisted  of  a  mixture  of  ground  lice,  turmeric, 
and  Cayenne,  colom-ed  with  either  red  lead,  Venetian  red,  or  ochre. 

Sir  of  the  Cayennes  contained  large  quantities  of  scdt,  sometimes 
alone,  hut  mostly' combined  with  rice  and  the  7-ed  earth  or  red  lead. 


Fig.  165. 


a,  parenchyma  of  Capsicum  Berry  situated  immediately  beneath  the  epidermis  ; 
the  ceUs  in  this  situation  are  of  a  more  roimded  foi-m,  and  are  traversed  Dy 
spiral  vessels  and  woody  fibre.  6,  the  parenchyma  surrounding  the  seeds. 

One  of  the  samples  was  adulterated  with  a  large  quantity  of  the 
husk  of  white  mustard  seed. 

Lastly,  tioo  were  adulterated  with  rice,  and  were  coloured  in  addi- 
tion, the  one  with  red  lead,  and  the  other  with  a  red  ferruginous 

The  object  of  the  use  of  red  lead  and  other  red  colouring  matters 
is  twofold :  first,  to  conceal  other  adulterations,  and,  second,  to  pre- 
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serve  the  colour  of  the  Cayenne,  as,  when  exposed  to  the  light  for  any 
time,  it  usually  loses  part  of  the  bright-red  colour  which  it  at  fii'st 
possesses,  and  therefore  it  hecomes  deteriorated  in  the  eyea  of  the 
purchaser.  The  red  lead,  &c.,  added  does  not,  of  com-se,  preserve  the 
colour  of  the  Cayenne,  hut  simply  supplies  the  place  of  that  which  it 
loses  in  consequence  of  exposinre. 

Salt  is  employed  for  the  same  purpose.    This  substance  has  a  re- 


Fig.  1G6. 


Transverse  Seclion  of  Capsicum  Berby.    Magnified  100  diameters. 

markable  effect  in  bringing  out  the  colour  of  the  Cayenne.  It  is, 
however,  also  used  to  increase  its  weight. 

The  adidteration  of  Cayenne  with  such  substances  as  red  lead  and 
mercuiw  is,  doubtless,  highly  prejudicial  to  health  ;  it  has  been  stated 
that  cohc  and  paralysis  have  both  been  produced  by  the  use  of  Cayenne 
containing  red  lead. 

The  salta  of  lead  and  mercury  are  characterised  by  the  circum- 
stance that  they  are  apt  to  accumulate  in  the  system,  and  so  to 
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produce  symptoms  of  a  very  serious  nature.  Thus,  no  matter  how 
small  the  quantity  of  mercury  or  lead  introduced  each  day,  tlie  system 
in  the  end  is  slowly  and  insidiously  hroujrht  under  the  influence  of  these 
poisons,  and  thus  becomes  seriously  afiected.  The  quantity  of  red 
lead  introduced  into  the  system  in  adulterated  Cayenne  is,  however, 
hy  no  means  inconsiderable. 

A  case  of  lead  poisoning  arising  from  the  consumption  of  Cayenne 
adulterated  with  red  lead  is  referred  to  in  the  evidence  of  Mr.  Post- 


Fig.  107. 


Vertical  Section  of  the  Seed  of  Capsicum.  Magnified  100  diameter. 


sate  before  the  Parliamentary  Committee  on  Adulteration  in  1855 ;  the 
fase  was  received  into  Universitv  College  Hospital.  The  man  was_  in 
the  hX  of  Consuming  large  quantities  of  Cayenne,  which,  on  being 

tptited  was  found  to  contain  lead.  , ,    ^     ,       .  j.  j  -u  t^^^ 

The  iticle  known  as  soluble  Cayenne  Mr.  ScaiJan  stated  be^^^^^ 
the  same  Parliamentaiy  Committee,  to  have  the  following  compo- 
BMon  :-*It  contains  b?th  copper  and  vermilion;  the  copi-er  is  agi- 
dentaliy  introduced  into  it  from  the  mode  of  preparation-it  is  taken 
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from  a  copper  still.  They  make  a  sort  of  tincture  of  the  Caj'enue 
pepper ;  and  then  filter  and  pom-  it  upon  a  quantity  of  salt  in  a  copper 
still — it  there  takes  up  a  little  copper  ;  and  then  this  salt  is  dried  and 
mixed  with  "S'ermilion  and  rose-pink.'  The  proportion  of  vermilion 
added  is  about  six  di'achms  to  thi-ee  pounds  of  salt. 

The  Detection  of  the  Adulterations  of  Cayenne. 

The  adulterations  of  Cayenne  with  riceJloui\  turmeric,  and  mustard 
husk,  are  determined  by  means  of  the  microscope ;  the  structui-e  of 
these  articles  has  already  been  described  and  their  microscopical 
characters  represented. 

For  the  detection  of  the  other  adulterations  of  Cayenne,  recourse 
must  be  had  to  chemistiy.  The  fact  of  the  presence  of  red  earths  may 
indeed  be  ascertained  by  means  of  the  microscope,  by  viewing  imder 
■  that  instrument  a  portion  of  the  Cp,yenne,  when  the  red  earthy  par- 
ticles may  be  plainly  discerned.  To  determine  their  composition,  how- 
ever, chemistry  must  be  appealed  to. 

The  method  for  detecting  the  presence  of  the  red  ferruginous  earths, 
and  for  their  quantitative  determination,  wUl  be  found  described  at 
pp.  Ill  and  190,  and  that  for  salt  under  the  head  of  'AVater,'  pp.  83 
and  86.  We  have,  then,  now  to  describe  more  particidarly  the  pro- 
cesses to  be  followed  for  the  detection  of  lead  and  mercmy. 

On  the  detection  of  lead. — The  presence  of  lead  in  Cayenne  may  be 
determined  by  simply  shaking  up  half  a  drachm  or  so  of  the  Cayenne 
in  water,  and  adding  a  few  drops  of  sulphide  of  ammonium ;  if  lead 
be  present,  the  liquid  will  become  more  or  less  dark  or  black,  according 
to  the  quantity  of  the  metal. 

But  it  should  be  remembered  that  iron  gives  a  greenish-black  pre- 
cipitate with  the  above-named  reagent ;  and  therefore  it  is  not  safe  to 
trust  to  the  appearance  presented  on  the  addition  of  solution  of 
sulphide  of  ammonium  to  water  containing  Cayenne. 

It  is  proper,  therefore,  in  all  cases  to  proceed  as  follows : — Incine- 
rate 10  grammes  of  Cayenne  previously  dried  on  a  water-bath  in  a 
orcelain  basin ;  treat  the  ash  vpith  about  5  cc.  of  strong  nitric  acid ; 
eat  nearly  to  dryness,  so  that  part  of  the  acid  may  become  dissipated  ■ 
dilute  with  distilled  water,  filter,  and  pass  sulphm-etted  hydroo'en 
through  the  solution.  The  precipitate  is  collected  on  a  filter,  washed 
with  water  containing  some  sulphuretted  hydi-ogen  in  solution,  and 
then  boiled  with  a  little  strong  nitric  acid.  To  the  liquid  a  few  drops 
of  sulphm-ic  acid  are  added,  and  it  is  then  evaporated  to  diyness  on  the 
water-bath.  The  residue  is  exhausted  with  water,  and  the  precipitate, 
consisting  of  sulphate,  of  lead  is  collected  on  a  filter,  washed  with  a 
very  dilute  solution  of  sulphuric  acid,  incinerated  in  a  porcelain  cru- 
cible and  weighed. 

The  solution  of  the  ash  of  Cayenne  In  nitric  acid  may  be  tested 
qualitatively  for  lead  by  rendering  it  alkaline  by  means  of  ammonia, 
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addinf^  then  acetic  acid  in  excess  and  testing  with  a  drop  of  a  sohition 
of  neutral  chromato  of  potash.  A  bright  yellow  precipitate  of  chro- 
mate  of  lead  will  he  thrown  down  if  lead  he  present. 

On  the  detection  of  hieulijhuret  of  mercury. — As  mercury  sublimes 


Fig.  1C8. 


CAYEKNE,  adulterated  with,  a  a,  red  lead;  b  b,  ground  rice  ;  and  c  c,  turmeric, 
dd  husk  and  seed  of  cayenne  much  infested  with  the  thallus  and  sporules  ot 
a,  fungus,  to  the  attacks  of  which  damaged  cayenne  is  very  subject. 

at  a  red  heat,  we  cannot  proceed  in  the  analysis  by  incineration ;  the 
solvent  must  be  added  to  the  Cayenne  direct— this  being  aqua  regia,  a 
mixtiu-e  of  nitric  and  hydrochloric  acids,  in  the  proportions  of  one  part; 
of  the  former  to  two  of  the  latter  acid. 

About  5  cc.  of  the  acid  should  be  added  to  3  gi-ammes  ot  Cayenne 
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and  boiled  with  it  for  an  hour  or  so  ;  a  small  quantity  of  distilled 
water  is  then  to  he  added ;  the  miitui-e  filtered  and  the  filtrate  evapo- 
rated nearly  to  di-joiess ;  a  little  water  must  then  again  be  added,  and 
the  solution  tested. 

The  tests  employed  are  liquor  potasste  and  iodide  of  potassium. 
I  he  former  gives  a  yellow  precipitate,  and  the  latter  either  a  yellow 
or  more  commonly  a  beautiful  scarlet-coloured  precipitate  of  biniodide 
ot  mercmy.  The  solution  of  iodide  of  potassium  should  be  added  in 
very  minute  quantity,  as  the  iodide  or  biniodide  is  readily  and  almost 
instantly  dissolved  in  an  excess  of  this  reagent ;  and  it  should  be  Imown 
tJiat  very  often,  when  the  colour  of  the  precipitate  is  yellow  rather 
than  red,  after  standing  an  hour  or  two  it  will  frequently  chauo-e  to 
the  characteristic  scarlet  hue.  i.       j  o 

_  To  determine  the  quantity  of  the  mercury  in  Cayenne,  the  solution 
m  nitric  acid  is  precipitated  by  means  of  sulphuretted  hydroo-en  :  the 
precipitate  is  exhausted  with  a  solution  of  sulphite  of  soda,  to  remove 
any  tree  sidphur  which  may  have  been  thrown  down,  coUected  on  a 
weighed  filter,  dried  and  weighed. 
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OHAPTE]J  XXXIII. 
SFICES  AND  THEIR  ADULTERATIONS. 


DEFINITION  OF  ADULTEKATION. 


An}'  added  vegetable  or  mineral  substance  not  acknowledged  in  the  names 
under  which  they 'are  sold,  including  the  admixture  of  cassia  with  cinnamon  or 
its  substitution  for  the  latter  spice. 

We  now  come  to  the  consideration  of  the  important  suhject  of  Spices 
and  their  Adulterations. 

The  spices,  of  the  adulteration  of  which  we  are  ahout  to  treat, 
are  Ginger,  Cinnamon,  Cassia,  Nutmegs,  Mace,  Cloves,  and  Allspice  or 
Pimento. 

When  it  is  remembered  that  many  spices  are  sold  in  the  state  ot 
powder,  most  of  them  bearing  a  high  price,  and  that  they  are  nearly 
all  suhject  to  a  duty,  which  iu  some  cases  is  considerable,  it  might  be 
supposed  that  they  would  be  particularly  subject  to  adulteration. 

Notwithstanding  these  facts,  little  attention  has  been  bestowed 
upon  this  subject  bv  writers  on  the  sophistication  of  food,  or  even  by 
the  Excise  authorities,  whose  duty  it  is  to  protect  the  revenue  from 
all  frauds  resulting  from  the  adulteration  of  duty-paying  articles. 


GINGER  AMD  ITS  ADXTLTEEATIONS. 

The  ginger  plant,  Zinziber  officinale,  belongs  to  the  very  useful 
natural  order,  Zinziheracece,  from  which  tm-meric.  East  India  arrow- 
root, and  some  other  productions,  are  obtained. 

Ginger  grows  and  is  cultivated  in  the  tropical  regions  of  Asia, 
America,  and  Sierra  Leone.  . 

The  stem  reaches  generally  three  or  fom-  feet  in  height,  and  is  re- 
newed yearly  ;  while  the  root,  which  is  the  part  known  as  ginger, 
botanically  termed  a  rhizome,  is  biennial.  . 

The  roots,  or  rhizomes,  are  dug  up  when  about  a  year  old  ;  m 
Jamaica  this  occurs  in  January  or  February,  and  after  the  stems  are 
withered.  They  are  well  washed,  fi-eed  from  dirt,  and  in  some  cases, 
especially  with  the  better  lands,  the  epidermis  or  outer  coat  is  stnpped 
off;  and  hence  the  division  of  ginger  into  white  (scraped  or  uncoated), 
and  into  black  (unscraped  or  coated).  .    i  i. 

In  estimating  the  quality  of  ginger,  a  variety  of  particulars  have 
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to  be  taken  into  consideration— as  whether  the  rhizomes  are  coated  or 
uncoated,  their  form,  coloiu",  and  consistence. 

The  rhizomes  of  ginger  of  (jood  quality  have  no  epidermis,  are  plump, 
of  a  whitish  or  faint  straw-colour,  soft  and  mealy  in  texture,  with  a 
short  fracture,  exhibiting  a  reddish,  resinous  zone  round  the  circum- 
ference ;  the  taste  shoidd  he  hot,  bitmg,  but  aromatic. 

The  rhizomes  of  ginger  of  inferior  quality  are  frequently  coated 
with  the  epidermis,  are  less  full  and  phmip,  often  contracted  and 
shriTelled;  of  darker  colom-,  beino-  of  a  brownish-yellow of  harder 
texture,  tevm&di  Jlinty  \  and  more  fibrous ;  while  the  taste  is  inferior, 
and  less  aromatic. 

Composition  of  Ginger. 

Ginger  was  analysed  by  Bucholz  in  1817,  and  by  Morin  in 
1823. 


JBucJwIz's  analysis. 

Pale  yeUow  volatile  oil.    .  .1-56 

Aromatic,  acrid,  soft  resin.       .  S'CO 

Extractive  soluble  in  alcohol  .  0-65 
Acidulous  and  acrid  extractive 

insoluble  in  alcohol       .      .  10".oO 

Gom  ......  12-05 

Starch,  analogous  to  bassorin  .  19'75 
Apotheme,  extracted  bj  potash 

(ulmin.')      ....  2G-00 

Bassorin   8'30 

Woodv  fibre     ....  8-00 

Watei'   11-90 


102-31 


Marines  analysis. 

Volatile  oil. 
Acrid  soft  resin. 

Eesin  insoluble  in  ether  and  oil. 

Gum. 

Starch. 

Woody  fibre. 

Vegeto-animal  matter. 

Osmazoma. 

Acetic  acid,  acetate  of  potash,  sulphur. 

The  ashes  contained  carbonate  and 
sulphate  of  potash,  chloride  of  po- 
tassium, phosphate  of  lime,  alumina, 
silver,  and  oxides  of  iron  and  man- 
ganese. 


The  volatile  oil  is  pale  yellow,  very  fluid,  lighter  than  water ; 
odom-  resembling  that  of  ginger,  taste  at  first  mild,  afterwards  hot  and 
acrid. 

Soft  resin,  obtained  by  digesting  the  alcoholic  extract  of  ginger, 
first  in  water,  then  in  ether ;  it  possesses  an  aromatic  odour,  and  a 
burning  aromatic  taste.  It  is  readily  soluble  in  alcohol,  ether,  and 
turpentine. 

Structure  of  Ginyer. 

Examined  with  the  microscope,  the  rhizome  of  ginger  is  found  to 
present  a  well-marked  and  characteristic  structure. 

The  outer  coat  or  epidei-mis  consists  of  several  layers  of  large,  angu- 
lar, transparent  cells  of  a  brownish  colom-,  adhering  firmly  together, 
forming  a  distinct  membrane,  and,  when  macerated  in  water,  becoming 
soft  and  somewhat  gelatinous  (fig.  169). 

Lying  upon  the  under  surface  of  this  membrane,  and  scattered 
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irregularly  over  it,  are  generally  to  be  detected  oil  globules  of  various 
sizes,  and  of  a  deep  yellow  colour,  as  well  as  a  few  cells,  identical  in 
structure  and  tint  witb.  tbose  of  turmeric. 

In  the  substance  of  the  rhizome  itself  several  structures  have  to  be 
described. 

It  consists  principally  of  cells  having  delicate  transparent  walls 
minutely  punctuated,  and  adhering  together  so  as  to  form  a  connected 

Fig.  160. 


A  portion  of  the  epidermis  of  the  rhizome  of  GrsGEn.  showing  the  cells  of  -which 
it  is  composed,  as  well  as  the  oil  globules,  a  a  ;  also  the  turmenchke  cells, 
6  6  ;  and  c  c,  ci7stals  very  commonly  noticed  in  great  numbers  lying  beneath 
the  epidermis. 

tissue.  These  cells  contain  in  their  cavities  starch  corpuscles,  which 
are  very  abimdant,  and  many  of  which,  as  the  cell  walls  are  easily 
broken,  are  seen  in  most  sections  to  have  become  effused. 

Lying  here  and  there  in  the  midst  of  the  above-described  cells,  are 
other  cells  of  nearly  similar  size  and  form,  but  of  a  bright  yellow, 
colour  ;  these  are  in  no  respect  distinguishable  from  the  coloured  cells: 

of  turmeric.  , .  , 

It  is  to  the  presence  of  these  cells  that  gmger  owes  its  colour,  which  i 
varies  with  the  number  of  such  cells  contained  in  it. 
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Traversing  the  rhizome  in  a  longitudinal  direction  are  bundles  of 
woody  fibre,  sometimes  enclosing,  usually  one,  but  occasionally  two  or 
even  more  dotted  ducts  or  vessels. 

The  starch  corpuscles  resemble  in  some  respects  those  of  East  India 
arrowi-oot,  Curcuma  angustifolia,  but  are  yet  characterised  by  several 
distinct  features. 

Fig.  170. 


This  engraving  represents  the  several  tissues  observed  enteiing  into  the  forma- 
tion of  the  ginger  rhizome,  deprived  of  its  epidermis,  a  a.  cells  containing  the 
starch  corpuscles  ;  b  b,  starch  granules  ;  c  c,  turmeric-like  cells  :  d  d  Woodv 
fibre ;  e,  dotted  duct.  •' 

Although,  like  those  of  C.  angustifolia,  they  are  usually  elongated 
md  flattened,  they  yet  difier  from  the  starch  granules  of  that  plant  in 
wern^  somewhat  smaUer,  less  elongated,  and  in  the  gi-eater  obscurity 
>fot  the  hilum  and  curved  lamellae. 

The  structures  above  described  are  shown  in  the  precedine' 
lirawing  (fig.  170).  ^  ^ 
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In  ground  ginger  the  above  structures  are  separated  from  their 
proper  couuection,  and  occur  variously  intermixed,  and  more  or  less 
broken  and  comminuted  (see  fig.  171). 

TTTR  ADULTERATIONS  OP  GINGER. 

In  order  to  improve  the  colour  of  ginger,  and,  according  to  some,  to 
protect  it  from  the  attacks  of  insects,  it  is  fi-equently  rubbed  over  with 
lime  in  other  cases  it  is  washed  in  chalk  and  water,  when  it  is  called 


Fig.  171. 


Genuine  ground  Ginger  :  a  a,  cells  which  contain  the  starch  corpuscles  ;  6  6, 
loose  starch  granules  ;  c  c,  turmeric-like  cells ;  d  d,  woody  fibre. 


tvhitewashed  ginger;  lastly,  the  sm-face  of  ginger  is  occasionally 
bleached  by  means  of  a  solution  of  chloride  of  lime,  and  sometimes 
even  by  exposing  it  to  the  fumes  of  burning  sulphur,  and  is  thus  made 
to  present  a  white  and  floury  appearance.  By  these  processes  an 
inferior  ginger  is  often  made  to  assimie  the  appearance  of  the  better 
descriptions.  ,  ^  ^ 

But  ginger  is  frequently  adulterated.  Out  of  twenty-one  samples 
of  oiuger  submitted  to  examination,  no  less  than//i;ee??,  being  more  than 
two-thirds  of  tlie  whole,  were  found  to  be  adulterated. 
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The  substances  detected  were  various  in  character,  including  sago 
meal,  tapioca,  potato  four,  wheat  four,  (/round  rice,  Cayenne  lycpper, 
mustard  husks,  and  turmeiic  po^oder—t'hQ^Q  occurring  m  various  quan- 
tities, hut  in  the  majority  of  cases  constituting  the  principal  part  of  the 

The  Cayenne  pepper  and  mustard  husks  are  no  douht  added  vfith 
the  view  of  concealing  the  other  adulterations,  and  of  giving  apparent 
strength  to  the  ginger. 


Powdered  Gixgee  adulterated  -natli  Sogo  powder, 
a  a,  ceUs  of  ginger  ;  6  b,  starch  granules  of  ginger ;  c  c,  large  yellow  corpuscles 
analogous  to  those  of  tiu-meric  ;  d  d,  fragiaent  of  woody  fibre  ;  e  e,  starch  cor- 
puscles of  sago  meal. 

The  Detection  of  the  Adulterations  of  Ginger. 

The  whole  of  the  suhstances  employed  in  the  adulteration  of  ginger 
may  be  detected  with  ease  and  certainty  by  means  of  the  microscope. 
The  microscopical  characters  of  most  of  the  articles  used  have  already 
fceen  described:  as  wheat  flom-,  at  p.  287^  ground  rice,  at  p.  307; 
potato  flour,  at  p.  371 ;  sago,  at  p.  375  ;  turmeric,  mustard  husk,  and 
Cayenne  under  their  respective  heads. 

The  structural  peculiarities  of  Cayenne  and  mustard  husk  are  so  well 
marked  that  no  difficulty  whatever  is  experienced  in  identifying  them 
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■when  once  seen  under  the  microscope ;  but  in  those  cases  in  which 
the  quantities  present  are  hut  small  tliey  are  apt  to  be  overlooked. 
It  is  adnsable  to  wash  awaj'  some  of  the  starch  from  the  portion  of 
powder  about  to  be  placed  under  the  microscope ;  by  this  means  the 
largrer  particles  are  broup:ht  more  clearly  into  view. 

The  adulteration  with  wheat  flour  is  one  which  might  readily  escape 
detection.    The  observer  is  therefore  cautioned  before  proceeding  to 


Fid.  173. 


Powdered  Ginger  adulterated  with  Potato  and  Sago  starches, 
a  a  cells  of  cinger  ;  6  b,  starch  granules  of  giuger  ;  c,  large  yellow  ceU,  analo- 
gous  to  th?se^of  turmeric  ;  dr  woody  fibre  ;  e  c,  starch  granules  of  potato ;  //, 
starch  corpuscles  of  sago,  altered  by  heat. 

the  examination  of  powdered  ginger  to  compare  carefully  the  struc- 
tural peculiarities  of  the  starch  granules  of  gmger  and  wheat  flour  ;  the 
difl^'ereuces,  although  not  at  fii-st  striking,  are  really  considerable. 

Since  giuger  contains  yeUow  cells  very  closely  resembling  those  of 
turmeric,  we  can  only  conclude  that  turmeric  has  been_  added  when 
the  number  of  such  cells  is  much  greater  than  in  genuine  powdered 

^^The  adulterations  of  ginger  with  sago  and^potato  are  exhibited  in 
the  two  preceding  engravings  (figs.  172  and  173). 
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The  engTiWrig  (fig.  174)  represents  the  adiilteration  of  powdered 
ginger  with  tapioca  and  Cayenne. 

Kg.  174. 


Powdered  Ginger,  a  a ;  adulterateil  with  cayenne,  bh;  and  tapioca,  c  o. 
Magnified  200  diameters. 


crfmAJiiojr  Ami  cassia  and  their  aditlterations. 

Cinnamon  is  the  hark  of  the  Oinnamomum  Zeylanicum,  one  of  the 
.  Lauracece,  or  lanrel  family,  to  which  also  belong  Cassia  and  Camphor, 
as  well  as  some  other  plants  possessing  medicinal  properties,  especially 
I  Clove  bark. 

Cinnarnon  is  cultivated  principally  in  Ceylon. 
'  The  cinnamon  bark  of  Ceylon  is  obtained  by  the  cultivation  of  the 
;  plant.    The  principal  cinnamon  gardens  lie  in  the  neighbourhood  of 
'  Oolombo.    The  bark  peelers  or  choliahs,  having  selected  a  tree  of  the 
best  quality,  lop  off  such  branches  as  are  three  years  old,  and  which 
■  appear  proper  for  the  purpose.    Shoots  or  branches  much  less  than 
halt  an  mch,  or  more  than  two  or  three  inches  in  diameter,  are  not 
peeled.  _  The  peeling  is  effected  by  making  two  opposite  (or,  when  the 
branch  is  thick,  three  or  four)  longitudinal  incisions,  and  then  elevating 
tne  bark  by  introducing  the  peeling  knife  between  it.    When  the 
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bark  adheres  fu-mly,  tlie  separation  is  promoted  by  friction  with  the 
handle  of  the  koife.  In  twenty-four  hours  the  epidermis  and  greenish 
pidpy  matter  (rete  mucosum)  are  carefully  scraped  oft".  In  a  few 
hours  the  smaller  quids  are  introduced  into  the  larger  ones,  and  in 
this  way  a  congeries  of  quills  formed,  often  measuring  forty  inches 
long.  The  bark  is  then  dried  in  the  sun,  and  afterwards  made  into 
bundles  with  pieces  of  bamboo  twigs. 

'  Cinnamon  is  imported  in  bales,  boxes,  and  chests,  principally  from 
Ceylon,  but  in  part  also  from  Madi-as,  Tellicherry,  and  rarely  from 
Java  and  other  places. 

'  In  order  to  preserve  and  improve  the  quality  of  the  bark,  black 
pepper  is  sprinkled  amongst  the  bales  of  cinnamon  in  stowing  them  at 
Ceylon  (Percival).  Mr.  Bennet  states  that  ships  are  sometimes  de- 
tained for  several  weeks  thi'oiig-h  the  want  of  pepper  to  fill  the  inter- 
stices between  the  bales  and  the  holds. 

'  "When  cinnamon  arrives  in  London,  it  is  unpacked  and  examined ; 
all  the  mouldy  and  broken  pieces  are  removed  from  it.  It  is  then  re- 
made into  bales.  These  are  cylindrical,  three  feet  six  inches  long,  but 
of  variable  diameter,  perhaps  sixteen  inches  on  the  average.  These 
bales  are  enveloped  by  a  coarse  cloth  called  gunny.  The  cinnamon  in 
boxes  and  chests  is  usually  the  small,  inferior,  and  mouldy  pieces.' 

Composition  of  Cinnamon. 

The  constituents  of  cinnamon  are  volatile  oil,  tannin,  mucilage, 
colouring  matto-,  partly  soluble  in  water  and  alcohol,  but  not  in  ether, 
resin,  an  acid,  starch,  and  lignin. 

A  decoction  of  cinnamon  does  not  become  blue  on  the  addition 
of  iodine  ;  this  is  partly  owing  to  the  small  quantity  of  starch  pre- 
sent, and  partly,  it  is  supposed,  to  the  presence  of  some  principle 
(tannic  acid?)'  which  destroys  the  blue  colour  of  the  iodide  of 
starch. 

The  cinnamon  oil  of  commerce  is  derived  from  different  trees  of  the 
genus  cinnamomum.  The  oil  is  prepared  by  softening  the  bruised  bark 
of  Cinnamomum  zeglanicum  vnth  salt  water,  distilling  quickly,  and  drying 
with  chloride  of  calciiun.  The  oil  consists  chiefly  of  cinnamic  aldehyde, 
which  may  be  separated  by  means  of  acid  sidphite  of  potassium,  also 
of  some  hydrocarbon  in  very  small  quantity,  together  with  cinnamic 
acid  and  resins.  The  density  varies  from  1-025  to  1-050,  the  boiling 
point  220°  to  225°  C.  The  older  samples  of  the  oil  become  coloured 
and  contain  much  resinous  matter,  which  remains  after  the  oil  has 
been  distilled  off  with  salt  water.  The  salt  is  extracted  with  cold 
water  and  afterwards  the  cinnamic  acid  with  boiling  water.  _  Accoi-d- 
ino-  to  Mulder,  two  resins  are  formed  by  oxidation  of  the_  oil.  With 
nitric  acid  it  forms  a  white  crystalline  nitrate  and  a  red  oil,  and  with 
ammonia  a  solid  crystalline  amide  is  formed. 


SPICES  AND  THEIK  ADULTERATIONS.  563 

Sti-ucture  of  Cinnamon. 
Oinuamon,  under  the  microscope,  presents  a  complicated  and  very 
distinct  organisation,  wWcli  is  best  seen  in  longitudinal  sections,  car- 
ried through  the  thickness  of  the  bark. 

Fig.  175. 


Longitudinal  section  of  CiNJf  AiiON  carried  transversely  through  the  bark,  mag- 
nified 140  diameters. 

o  a,  stellate  cells  ;  b  b,  woody  fibre ;  c  c,  starch  cells ;  d  d,  starch  granules ;  e  e, 
granular  cinnamon-coloured  cells  or  bodies. 

On  the  outer  or  external  surface  of  the  section  are  observed  nu- 
merous stellate  cells,  separable  readily  from  each  other,  and  similar  to 
those  which  we  have  so  often  before  described  as  occmTing  in  other 
vegetable  structures.  These  cells  lie  one  upon  the  other  in  several 
layers,  and  foi-m  a  considerable  part  of  the  thickness  of  the  bark. 
They  are  situated  in  the  intervals  between  the  woody  fibres ;  they  are 
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of  a  quadrangular  or  oval  form,  having  tlie  long  axes  placed  usually 
transversely  to  the  bark,  their  breadth  being  gi-eater  than  their  depth. 
In  v?hatever  position  they  are  viewed,  both  the  central  cavities  and 
the  rays  which  proceed  from  them  are  visible.  Occasionally,  though 
not  usually,  a  few  starch  gi-anules  may  be  seen  in  the  cavities  of  these 
cells.  Proceeding  from  without  inwards,  these  cells  are  succeeded  by 
others,  which  are  distinguished  from  the  first  by  the  absence  of  rays, 
by  the  thinness  of  their  walls,  and  by  the  firmness  with  which  they 

Fig.  176, 


Genuine  Cinnamon  powder,  magnified  220  diameters,  a  a,  BteUate  cells  ;  6  6, 
woody  fibre  ;  c  c,  starch  granules. 

adhere  to  each  other;  they  generally  contain  a  few  starch  corpuscles. 
These  ceUs,  which  form  several  series,  complete  the  thickness  ot  tlie 

^^''interspersed  between  both  the  first  and  second  kinds  of  cells  are 
numerous  woody  fibres,  which  are  rather  short,  pointed  at  either  ex- 
Wy,  and  furnished  with  a  central  canal.  It  is  these  which  impart 
the  fibrous  character  to  cinnamon,  particularly  obsei-vable  m  fractui-es 

*The?tarch  corpuscles  of  cinnamon  are  small,  more  or  less  globular, 
and  furnished  with  a  very  distinct  hilum,  which  has  the  appearance  of 
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a  central  depression.  They  usually  occur  singly,  but  sometimes  imited 
in  twos  or  fours. 

Lastly,  lying  in  the  cavities  of  the  most  external  of  the  second  order 
of  cells,  are  frequently  to  be  observed  deep  cinnamon-coloured  masses  of 
granular  texture. 


Fig.  177. 


A,  Stick  of  CiNNAMO?;  of  the  natural  size  and  appearance,  showing  the  thinness 
of  the  bark,  and  the  manner  in  which  the  layers  are  enclosed  one  witMn  the 
other  ;  a,  cross  section  of  same,  exhibiting  more  completely  the  number  of  the 
layers,  and  their  disposition. 

£,  Stick  of  Cassia  of  the  natural  size  and  appearance,  showing  the  thickness  of 
the  bark,  and  the  manner  in  which  the  layers  are  enclosed  within  each  other  ; 
b,  cross  section  of  same,  exhibiting  the  dispositions  of  tlie  layers. 
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Tlie  above  structural  particulars  are  all  shown  in  fig.  1 75. 

In  ground  cinnamon  the  several  structui-es  are  disunited  and  hrolien. 
The  stellate  cells  occur  singly,  or  in  groups  of  two,  three,  or  more ;  the 
woody  fihre  is  disengaged,  and  is  scattered  about,  resembling  some- 
what, in  form  and  appearance,  the  hairs  which  occur  on  many  plants ; 
the  starch  corpuscles  are  set  free  from  their  cells ;  and,  lastly,  the 
cinnamon-like  masses  may  be  seen  in  the  field  of  the  microscope,  dis- 
persed here  and  there  (fig.  176). 


Composition  and  Sti-ucture  of  Cassia. 

Cassia,  Cinnamonum  cassia,  belongs  to  the  same  genus  of  plants  as 
the  true  cinnamon,  and  hence  it  resembles  it  very  closely  in  its  com- 
position and  structiu-e. 

Composition  of  cassia. — Since  cassia  is  so  frequently  substituted  for 
cinnamon,  it  becomes  necessary  that  we  should  acquaint  om-selves  with 
its  composition  and  structure.  _  _ 

If  tinctm-e  of  iodine  is  added  to  a  decoction  of  cassia,  it  turns  blue, 
owing  to  the  larger  proportion  of  starch  contained  in  it. 

Oil  of  cassia  possesses  nearly  the  same  properties  as  oil  of  cinnamon ; 
it  is  said  to  be  a  thicker  and  heavier  oil  than  that  of  cinnamon ;  and  its 
odour  and  flavour  are  inferior.  _  _ 

Structure  of  c«ssi"«.— Notwithstanding  the  striking  resemblances, 
between  cassia  and  cinnamon,  there  are  charactei-s,  however,  by  which 
they  may  be  discriminated.  ,      ,      .  , 

The  bark  of  cinnamon  is  scarcely  thicker  than  drawing-paper,  and 
breaks  with  an  imeven  and  fibrous  margin;  while  each  stick  consists 
of  eight,  ten,  or  more  pieces  or  quills  of  bark  inserted  one  withm  the 

Cassia  bark  is  much  stouter,  being  often  as  thick  as  a  shilUng ;  it 
breaks  short,  and  without  splintering.  By  these  characters  alone  it  is 
easy  to  distinguish  cinnamon  from  cassia  when  m  the  whole  state,  as 
shown  by  the  accompanying  di-awing  (fig.  177).  . 

But  these  barks  difi"er  also  in  colour  and  taste.  Cinnamon  is  paler 
and  browner  than  cassia,  which  is  ususally  redder  and  brighter,  ihe 
taste  of  one  is  sweet,  mild,  and  aromatic,  leaving  no  impleasant  im- 
pression on  the  tongue,  while  that  of  the  other  is  less  sweet,  stronger, 
and  is  followed  by  a  bitterness.         .  ,         xi,  4.  •+ ;o 

These  characters,  however,  vary  in  diflterent  samples,  so  tnat  it  is 
impossible  by  these  means  alone  to  distinguish  cinnamon  from  cassia 
when  in  powder,  and  we  are  not  aware  that  any  certain  means  have 
been  pointed  out  for  eflecting  the  discrimination,  especiallv  when  the 
two  are  mixed  in  different  proportions  ;  but  here  agam,  as  m  so  many 
other  cases,  the  microscope  affords  us  invaluable  assistance. 

Sections  of  cassia  bark,  viewed  under  the  microscope,  bear  a  close 
general  resemblance  to  those  of  cmnamon,  but  difter  in  theu-  greater 
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width  and  the  relative  proportions  of  the  several  structures,  particularly 
in  the  size  and  number  of  the  starch  corpuscles  (fig.  178). 

We  observe  on  the  outer  surface,  as  in  cinnamon,  the  peculiar 
stellate  cells,  the  cavities  of  which,  however,  much  more  commonly 
than  those  of  cinnamon,  are  filled  with  well-developed  starch  cor- 
puscles. 

Kg.  178. 


Longitudinal  section  of  Cassia,  carried  transversely  through  the  bark,  magnified 
UO  diameters. 

a  a,  cells  of  epidermis ;  6  6,  stellate  cells ;  d  d,  starch  cells ;  e  e,  starch  granules ; 
//,  granular  cinnamon-coloured  masses. 

Lying  next  to  these,  we  notice  what  may  he  termed  the  proper 
•  starch  cells,  usually  crammed  quite  full  of  starch  corpuscles,  which, 
'  while  they  have  the  same  general  form  as  those  of  cinnamon,  are  yet 
t  two  or  three  times  larger,  as  well  as  many  times  more  numerous. 

The  woody  fibre  occurs,  as  in  cinnamon,  interspersed  between  both 
descriptions  of  cells,  and  it  does  not  appear  to  differ  appreciably  from 
■  that  of  cinnamon. 
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Of  the  entire  thiclmess  of  the  bark,  about  one-fourth  w  formed  by 
the  stellate  cells ;  the  remaining  three-fourths  being  made  up  of  the 
starch-bearing  cells. 

In  powdered  cassia,  therefore,  as  contrasted  with  powdered  cinna- 
mon, the  stellate  cells  and  woody  fibre  are  much  less  abundant,  while 
the  starch  granules  are  at  the  same  time  much  larger,  and  far  more 
numerous  (iig.  170). 

Fig.  179. 


Genuine  Cassia  poioder,  magnified  220  diameters  ;  a  a,  steUate  cells  ;  6  6,  woody 
fibre ;  c  c,  starch  cells )  d  d,  starch  granules  ;  e  e,  granular  masses. 

The  Adultei-ations  of  Cinnamon  and  Cassia. 

From  an  examination  of  the  analyses  of  thirty-two  samples  of  cinna- 
mon, it  appeared  that  of  the  twelve  lohole  cinnamons,  seven  were 
genuine,  and  that  Jive  consisted  of  nothing  but  cassia. 

That  the  essential  oil  is  sometimes  abstracted,  and  the  bark,  after 
being  reduced,  sold  either  whole  or  in  the  ground  state. 

That  of  the  nineteen  samples  of  ground  cinnamon,  three  consisted 
entirely  of  cassia. 
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That  ten  of  the  samples,  or  more  than  one-half,  were  adulterated, 
the  ai-ticles  most  frequently  employed  being  either  bahed  wheat  flour  or 
sago  meal,  separately  or  in  combination,  but  East  India  arroioroot  and 
potato  flour  were  likewise  detected  each  in  one  instance. 

That  of  the  above  adulterated  samples  three  consisted  of  cassia 
adulterated,  and  seven  of  cinnamon  adulterated. 

That  six  only  of  the  nineteen  samples  were  genuine. 

In  the  prices  charged  for  the  samples  of  cinnamon  exammed, 
whether  whole  or  in  powder,  genuine  or  adulterated,  no  constant 
difference  was  to  be  observed,  and  consequently  the  public  suffers  great 
loss  by  the  substitution  of  cassia,  which  is  so  much  cheaper,  for  cinnamon, 
and  a  still  greater  loss  by  the  other  sophistications. 

The  wheat  flour  and  sago  detected  were  generally  baked,  to  make 
them  resemble  in  colour  more  nearly  ground  cinnamon  or  cassia,  and 
thus  the  better  escape  detection. 

The  Detection  of  the  Adulterations  of  Cinnamon  and  Cassia. 

The  detection  of  the  various  adulterations  of  cinnamon  and  cassia  is, 
in  nearly  all  cases,  easy  enough  by  means  of  the  microscope ;  all  that  is 
requisite  is  that  the  observer  should  be  acquainted  with  the  structure 
and  characters  of  genuine  cassia  and  cinnamon,  as  well  as  of  the  articles 
employed  to  adulterate  them. 

The  mixture  of  cassia  with  cinnamon  of  course  constitutes  an  adul- 
teration, but  very  frequently  cassia  is  substituted  for  cinnamon.  The 
mixture  and  substitution  are  both  discoverable  with  the  microscope  by 
the  difference  in  the  size  of  the  starch  granules,  but  the  substitution 
may  be  detected  in  other  ways. 

Thus  when  stick  cassia  is  substituted  for  cinnamon,  the  substitution 
is  known  by  the  gi'eater  thickness  of  cassia  bark. 

Again,  the  decoction  of  cassia  bark  tm-ns  blue  on  the  addition  of 
iodine,  when  one  of  cinnamon  similarly  treated  does  not  become  blue. 

It  is  stated  that  the  oil  is  sometimes  removed  from  cinnamon  bark, 
this  being  subsequently  ground  to  powder  and  mixed  with  genuine 
cinnamon. 

This  fraud  maybe  discovered  in  two  ways :  the  suspected  cinnamon 
may  be  boiled  in  distilled  water  for  a  time  and  the  oil  distilled  off ;  the 
quantity  of  oil  obtained  may  be  estimated  by  measm-ement  in  a  small 
gi-aduated  tube  rather  than  by  weighing. 

A  more  expeditious  process  is  to  examine  the  cinnamon  with  the 
microscope  ;  if  this  has  been  acted  upon  by  boiling  water,  the  starch 
granules  will  be  found  to  have  lost  their  proper  form,  to  have  become 
distorted  and  irregular,  while  many  of  them  are  larger  than  natm-al. 
If  the  cinnamon  has  been  subjected  to  the  prolonged  action  of  the 
water,  the  granules  wiU  have  become  so  broken  up  and  dissolved  that 
they  can  no  longer  be  detected. 
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NUTMEGS  AND  THEIR  ADTJLTERATTONS. 

There  are  three  species  of  Myristica  which  furnish  nutmeprs.  That 
which  yields  the  best  description,  Myristica  frctgram,  forms  a  tree 
from  twenty  to  twenty-five  feet  high,  somewhat  similar  in  appearance 
to  a  pear  tree. 

The  fruit  is  smooth  externally,  pear-shaped,  and  about  the  size  of 
an  ordinary  peach.  It  consists,  first,  of  an  outer  fleshy  covering, 
called  the  ])erica7-p,  which  when  mature  separates  into  nearly  equal 
longitudinal  parts,  or  valves ;  secondly,  of  the  aril,  or  7}iace,"which, 
when  recent,  is  of  a  bright  scarlet  colour ;  and  thirdly,  of  the  seed 
proper,  or  nutmeg.  This  is  enclosed  in  a  shell,  which  is  made  up  of 
two  coats :  the  outer  is  hard  and  smooth ;  the  inner,  thin,  closely 
invests  the  seed,  sending  oft"  prolongations,  which  enter  the  substance 
of  the  seed,  and  which,  being  coloured,  impart  the  marbled  or  mottled 
appearance  characteristic  of  nutmeg. 

There  are  two  kind  of  nutmegs  met  with  in  commerce.  The  fii-st, 
caUed  the  true,  round,  cultivated,  or  female  nutmeg,  is  the  product  of 
Myristica  fragrans. 

The  second  kind  of  nutmeg  is  called  the  false,  long,  wild,  or  male 
nutmeg,  and  is  the  produce  cbiefly  of  Myristica  fatua :  but  a  Idnd  of 
nutmeg  which  is  also  called  wild,  is  obtained  from  Myristica  Mala- 
barica. 

In  the  Banda  Islands,  three  crops  or  harvests  of  nutmegs  are  ob- 
tained in  the  year  ;  the  principal  gathering  is  in  July  or  August ;  the 
second  in  November  ;  and  the  third  in  March  or  April. 

The  fruit  is  gathered  by  means  of  a  barb  attached  to  a  long  stick : 
the  mace  is  separated  from  the  nut,  and  sepamtely  cm-ed. 

On  accoimt  of  their  liability  to  the  attacks  of  an  insect  known  as 
the  nuttiieg  insect,  considerable  care  is  required  in  drying  them.  They 
should  be  dried  in  theii'  shells,  as  they  are  then  seciu'e  from  the  insect. 
They  are  placed  on  hurdles,  and  smoke-dried  over  a  slow  wood  fire 
for  about  two  months.  In  the  Banda  Islands,  they  are  first  dried  in 
the  sun  for  a  few  days.  When  the  operation  of  drying  is  complete, 
the  nuts  rattle  in  their  shells ;  these  are  cracked  with  mallets,  and  the 
damaged,  shrivelled,  or  worm-eaten  nuts  removed. 

'  To  prevent  the  attacks  of  the  insect,  the  nuts  are  frequently 
limed.  For  the  English  market,  however,  the  brown  or  unlimed 
nutmegs  are  preferred.  The  Dutch  lime  them  by  dipping  theni  into 
a  thick  mixture  of  lime  and  water  ;  but  this  process  is  considered  to 
injure  their  flavour.  Others  lime  them  hj  rubbing  them  with  re- 
cently-prepared, well-sifted  lime.  This  process  is  sometimes  practised 
in  London.' — Pereira. 

Composition  of  Nutmegs. 

Nutmegs  contain  both  a  fixed  and  a  volatile  oil.  Tb.&  fixed  oil  or 
myristin  is  prepared  by  beating  the  nutmegs  to  a  paste  ;  this  is  subject-ed, 
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•  enclosed  in  a  "bag,  to  the  vapour  of  water,  and  the  oil  aftei-wards  ex- 
pressed by  means  of  heated  plates.  It  is  imported  in  cakes  which 
have  somewhat  the  size  and  form  of  common  hricks,  and  are  covered 

.  with  leaves.  The  fixed  oil  procm'ed  in  this  manner  contains  a  por- 
tion of  the  volatile  oil,  from  which  its  colour  and  fragrant  odour  are 
derived. 

The  volatile  oil,  on  the  presence  of  which  the  flavour  and  aroma  of 
nutmegs  principallv  depend,  is  procured  hy  distillation  with  water  ;  the 
•.  produce  thus  ohtained  at  Apothecaries'  Hall,  London,  is  usually  4-5 
per  cent.,  but  according  to  most  observers  nutmegs  contain  about  6  per 
■  cent.    This  oil  has  a  specific  gravity  according  to  Lewis,  of  0-948,  and 
,1  according  to  Bley,  0-920.  It  is  a  mixtm-e  of  a  volatile  oil  and  a  camphor. 
^  When  left  to  stand,  it  deposits  myristicin,  which  is  readily  soluble  in 
'l  boiling  water,  crystallising  on  cooling  in  long  very  thin  prisms  with 
dihedral  siuumits  or  in  stellas.    It  melts  at  above  100°  0.  and  sublimes 
I  at  a  higher  temperature.    Now,  nutmegs  are  frequently  deprived  of  a 
:  portion  of  then-  essential  oil  by  distillation,  and  after  being  well  limed, 
.i  ai-e  again  sent  into  the  market  in  this  comparatively  valueless  state. 

JBonastre's  analysis. 


Volatile  oil   6-0 

Liquid  fat   7-6 

Solid  fat   24-0 

Acid   0-8 

Starch   2-4 

Gum   1-2 

Ligneous  fibre   54-0 

Loss   4-0 


100-0 

Structure  of  Niutmegs. 

Nutmegs  under  the  microscope  present  peculiarities  of  structm-e, 
Iby  which  they  may  be  distinguished,  even  in  powder,  from  other 
'  vegetable  productions.  A  thin  section,  viewed  under  an  object  glass 
;  magnifying  220  diameters,  is  seen  to  consist  of  minute  angidar  cells. 
'  Those  forming  the  white  or  uncoloured  part  of  the  nut  present, 
]  previous  to  the  action  of  water  upon  them,  an  opalescent  appearance, 
!  from  the  quantity  of  oil  enclosed  in  them ;  their  cavities  contain  in 

addition  much  starch,  in  the  form  of  small  but  distinct  granvdes, 
I  mostly  of  a  roimded  shape ;  but  occasionally  a  few  of  the  granules  are 

angular  ;  and  all  have  well-marked  central  depressions. 

The  cells  forming  the  coloured,  vein-lilte  portion  of  the  nut  differ 
1  from  the  other  cells  in  colour  and  in  being  destitute  of  starch,  con- 
itaining  apparently  only  a  small  quantity  of  oil  (fig.  180). 
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The  Adulterations  of  Nutmegs. 

Since  nutmegs  are  never  sold  in  the  powdered  state,  they  are  not 
liable  to  adulteration  by  admixture  with  foreign  ingredients,  like 
several  of  the  spices  which  have  been  already  noticed,  as  ginger, 

nevertheless,  they  are  subjected  to  a  process 


cinnamon,  and  cassia ; 


Pig.  180. 

Section  op  Nutmeg. 
(Magnified  220  diameDers.) 


a  a,  cells  forming  the  white  or  uncoloured  portions  of  the  nutmeg ;  thoy  are  seen 
to  contain  numeroits  starch  granules.  6  6,  the  starch  granules,  c,  a  portion 
of  one  of  the  veins  fonned  by  the  inversion  of  the  inner  coat  of  the  seed  vessel 
or  eiidopleura  ;  it  consists  of  coloured  cells,  containing  oil  only,  d,  loose  starch 
granules  magnified  420  diameters. 

which  impairs  their  value  and  quality  as  much  as  though  thev  had 
been  actually  adulterated  in  the  same  manner  as  by  the  abstraction  of 
the  volatile  oil. 

The  wild  nutmeg  obtained  fi-om  the  Mymtica  Malahanca  has 
scarcely  any  flavour  or  odour,  and  according  to  Rheede,  is  of  the  size 
and  figure  of  a  date.  '  The  Turkish  and  Jewish  merchants,'  writes 
Rheede,  '  mix  these  nutmegs  with  the  true  long  ones,  and  the  miace 
with  good  mace,  selling  them  together.  They  also  extract  from  these 
inferior  articles  an  oil,  with  which  they  adulterate  that  of  a  more 
genuine  quality.' 
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The  work  of  M.  Chevallier,  entitled  '  Dictionnaire  des  Alterations 
et  Falsifications  des  Substances  Alimentaires,  M^dicamenteuses,  et 
I  Commerciales/  in  treating  of  nutmegs,  contains  the  following  obser- 
1  vations,  imder  the  head  of '  Falsifications : ' — 

*  Nutmegs  are  sometimes  mixed  with  riddled  nuts,  eaten  by  insects, 
iand  become  brittle;  the  small  apertures  are  then  closed  with  a  kind 
•of  cement,  formed  of  flom-,  oil,  and  the  powder  of  nutmegs.  This 
paste  has  even  served  to  fabricate  false  nutmegs,  inodorous  and  in- 
sipid. The  workmen  of  Marseilles  have  even  made  them  of  bran 
clay,  and  the  refuse  of  nutmegs:  these  nutmegs,  placed  in  contact 
.'With  water,  soften  down  in  that  liquid. 

'  The  worm-eaten  nuts  are  equally  insipid,  and  ahnost  inodorous  • 
^sometimes  they  have  a  mouldy  odour.'  ' 
Eighteen  samples  of  nutmegs  were  subjected  to  examination,  the 
■result  being  that  m  no  case  had  the  essential  oil  been  abstracted. 

The  Detection  of  the  Adulterations  of  Nutmegs. 
The  only  adulteration,  excepting  that  by  admixture  with  wild  nut- 
megs, to  which  It  appears  that  nutmegs  are  liable— and  this  doubtless 
-IS  of  rare  occuiTence— is  by  means  of  the  artificial  or  factitious  nut- 
imegs  mentioned  by  M.  Chevallier. 

These  may  be  readily  discovered  by  soaking  them  in  water  when  of 
course,  they  would  readily  break  down.  , 

The  differences  between  the  cultivated  and  wild  nutmegs  have 
Lxlready  been  described.  ° 

The  nutmegs  from  which  the  oil  has  been  abstracted  mav  be  re- 
t!ognised  by  the  presence  of  punctm-es  on  the  surface,  and  bv  their 
unuch  greater  lightness.  '  • 

.^ff.SJ'lf^'^r  of  .nutmeg  are  but  little 

laffected  by  boiling;  so  that  this  means  of  discrimination,  so  satisfac- 
:.»ry  m  the  case  of  cinnamon,  cassia,  and  some  other  spices,  is  of  littlp 
m  no  value  m  the  present  instance.  .  nixie 

Of  this  remarkable  circumstance  it  is  not  easy  to  afford  an  exnlana- 
)n;  It  probably  depends  upon  the  difficulty  with  which  the  boilinc 
JTfwTf  1  ""fr^*"  ^^"^^^^-^^^  of  the  nut,  in.consequence  of 
^  ^'"^  I'^^^t^^y  «f  fi^^d  oil  contained  in  it 

ITie  differential  duties  on  wild  and  cultivated  nutmegs  offer  a  ' 
nremium  for  t^ie  substitution  of  the  inferior.for  the  superior  article 

MACE  Aim  ITS  ABTTLTEEATIONS. 

As  there  are  two  kinds  of  nutmeg,  so  are  there  two  kinds  of  mace 
produce  of  the  same  plants:  thus,  there  is  tiue  or  ciStivated 
Moace,  and  false  or  wild  mace.  cmnvatea 

^■^A  "'"'''^        ^  dark-red  colour,  and  deficient  in  flavour 
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Composition. 

The  composition  of  mace  closely  resembles  that  of  the  nutmeg  itself; 
it  contains,  as  will  be  seen  fi-om  the  following  analysis,  a  volatile 
and  a  fixed  oil — 
Volatile  oil. 

Red  fat  oil,  soluble  in  alcohol. 
Yellow  fat  oil,  insoluble  in  alcohol. 
Alcoholic  extractive. 
Amiden. 

Ligneous  fibre  with  lime. 

Structure  of  Mace. 

Viewed  under  the  microscope,  mace  presents  a  structure  very  dis- 
tinct fi-om  that  of  the  nutmeg  itself.    .  ^ 

Coverino-  the  surface  of  the  blades  is  a  delicate  membrane,  consist- 
ino-  of  a  single  layer  of  ceUs;  they  are  tubular,  much  elongated,  taper 
at^either  end  to  a  point,  and  resemble  in  size  and  form,  although  not 
in  delicacy  of  texture,  ordinary  woody  fibre.  The  long  diameters  of 
the  cells  are  disposed  vertically  on  the  surface  of  the  mace.  _     ^  _ 

But  the  chief  substance  is  made  up  of  other  cells  differing  m  size 
and  form  from  those  already  noticed  these  contain  fixed  oil,  and  much 

Imbedded  in  the  midst  of  these  cells  are  larger  ceUs,_spaces,  or  re- 
ce?9<flcto,  which,  in  thin  sections,  whether  made  crosswise  or  length- 
wise, appear  as  apertm-es.    These  contam  the  essential  oil  of  mace.  _ 

Scattered  here  and  there  maybe  seen, both  m  ti-ansverse  and  longi- 
tudinal sections,  small  bundles  of  woody  fibre,  of  a  browmsh  colour, 
enclosing  one  or  two  small  spiral  vessels.  In  transverse  sections  the 
ordinary  starch  cells  are  perceived  to  be  arranged  round  the  bimdles  m 

a  radiate  manner.  _      .        ^  •   a    i  qi 

The  structure  of  mace  is  exhibited  in  bg. 

The  Adulterations  of  Mace. 
Like  the  nutmeg,  mace  may  be  deprived,  by  distillation,  of  its 

^'^Thf  only  adulteration  of  mace  known  to  be  practised  is  that  bv 
admixtiu-e  with  wild  mace;  this  is  distinguished  by^  its  dark  i-ed 
coloiu-  and  by  its  deficiency  in  flavour  and  aroma. 

Of  iweZw  samples  of  mace  subjected  to  exammation  the  wh>le  wen 

genuine. 

CLOVES  AND  THEIK  ADTJLXEEATIONS. 

Cloves  are  the  imexpanded  flower-buds  of  ^«9mmj«r//o;.^ 
CaniSllus  «rom«iioA  a  tree  from  fifteen  to  thirty/eet  in  he^h 
onl  of  the  Myrtace^  or  myrtle  tribe.    The  word  clove  is  derived  fronl 
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the  French  word  clou,  from  a  fancied  resemblance  to  a  nail  in  the  form 
of  the  clove. 

The  flower-buds  are  arranged  on  terminal  flower-stalks  ;  they  are 
either  gathered  by  hand  or  obtained  by  beating  with  bundles  of  reeds, 

;  in  which  case  cloths  are  spread  beneath  the  trees  to  catch  them ;  they 
are  afterwards  dried  either  by  the  Are,  or,  what  is  better,  in  the  sun  : 

:  they  are  imported  in  casks  or  bags. 


Pig.  181. 
Transverhb  Section  of  Mace. 
(Magnified  220  diameters.) 


'  °^  essential  oil ;  many  of  them  appear  in  the  section  as  aper- 
tures,  and  are  represented  in  the  figure  as  such,  b  b,  the  same,  exhibiting  the 
appearance  of  closed  cells,  from  the  circumstance  of  their  not  being  cut  fnto 
the  colounng  matter  of  mace  is  located  chiefly  in  these  ceUs  or  receptacles  c°' 
fin£f ^^"^'"^^  immersed  in  waterf  rfT  cells 
f^^Z^  "^^^.f  corpuscles,  e  the  starch  corpuscles  loose,  magnified  I20 
diameters.  /,  the  cells  formmg  the  deUcate  coat  or  cuticle  inVesting  mace 


Composition  of  the  Clove. 

Cloves  contain,  according  to  the  analysis  of  Trommsdorf,  volatile 
uU,  i8  -,  al7no8t  tasteless  restn,  6 ;  tannin,  13;  difficultly-soluble  extrac- 
ivewtth  tamim,  A- gum,  13  ;  woody  fibre,  28  ;  and  tvater.  18  per  cent. 

ihe  volatile  oil  13  obtained  from  cloves  by  repeated  distillation 
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The  yield  on  an  average  is  said  to  be  from  seventeen  to  twenty-two 
per  cent. 

It  has  been  ascertained  that  the  oil,  which  was  formerly  regarded 
as  a  simple  oil,  is  really  composed  of  two  volatile  oils,  possessing  dif- 
ferent qualities,  and  one  of  which  is  lighter  and  the  other  heavier  than 
water. 

The  characters  and  composition  of  these  oils  are  thus  given  in 
Pereira's  '  Materia  Medica/  ed.  1.  part  ii.  p.  1093 : — 


Fig.  182. 

Petal  of  Clove-bud. 
(Magnified  60  diameters.) 


A  transverse  section  of  the  petal  of  flower-bud  of  clove,  showing  the  receptacles 
in  which  the  essential  oil  is  contained.  B,  surface  of  petal ;  the  receptacles 
for  the  oil  in  this  view  are  indistinct. 

a  Light  Oil  of  Cloves  (Clove-JIydrocarbon).—Go\om\es9,  sp.  gr. 
0-918  at  18°  0.,  boils  at  from  142  to  143°  0.  It  passes  over  with  the 
vaT)our  of  water  when  the  crude  oil  of  cloves  is  distilled  with  potash. 
Incapable  of  combining  with  bases,  but  absorbing  hydrochloric  acid 
gas  without  yielding  a  crystalline  compound.  It  consists  of  0,oHi6  ] 
hence  it  is  isomeric  with  oil  of  turpentine. 
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B  Heami  Oil  of  Cloves  (Clove  Acid  ;  Eugenic  Acid).— When  crude 
oil  of  cloves  is  distilled  ^dth  potash,  the  clove  hydi-ocarbon,  sometimes 
caUedthe  Ught  oU  of  cloves,  passes  over,  eugenic  acid  remaining  behind 
as  a  eugenate  of  potash  from  which  it  may  be  separated  by  a  mineral 
acid.  It  is  colourless  when  recently  prepared,  but  becomes  coloured 
bv  ac^e  with  the  formation  of  resins.  Its  specific  gravity,  according  to 
Stenhouse,  is  1-076,  and  its  boiling  point  242°  0.  Its  formula  is 
C  H,„0„.  It  combines  with  alkalies  to  form  crystaUine  salts  {al/ca- 
line  mqmates,  dove-oil  alkalies).  K  a  salt  of  iron  be  added  to  one  of 
these,  "it  yields  a  blue,  violet,  or  reddish  compoimd  («  ferruginous 
euqenate),  varying  somewhat  according  to  the  nature  of  the  lerniginous 
salt  used ;  thus  the  protosulphate  of  iron  yields  a  lilac,  the  persulphate  ■ 
a  red,  which  becomes  violet  and  afterwards  blue ;  while  the  sesqui- 
chloride  gives  a  vinous,  which  turns  to  red  (Bonastre).  Nitric  acid 
reddens  clove  acid.  .  . 

A  substance  which  crystallises  in  white  nacreous  laminjB  is  fre- 
quently deposited  from  the  water  distiUed  from  cloves.  This  has 
been  called  clove-camiihor  or  eugenin,  and  is  said  to  be  isomeric  with 
eugenic  acid.  It  is  insoluble  in  water,  and  with  nitric  acid  turns  blood- 
red. 

The  unexpanded  flower-buds  are  not  the  only  parts  of  the  tree 
which  are  aromatic,  as  the  footstalks  and  fruit  or  seed  vessels  are  like- 
wise so  to  some  extent. 

The  peduncles,  ov  footstalks,  according  to  Guibourt,  are  sometimes 
substituted  for  cloves  by  distillers  of  the  oil. 

The  fruit,  mother-cloves  as  they  have  been  called,  are  occasionally 
met  with  in  commerce ;  they  have  the  shape  of  the  olive,  but  are 
smaller,  and  possess  the  odoiu-  and  taste  of  the  clove  in  a  mild  degi-ee. 


Structure  of  the  Clove. 

The  minute  structure  of  cloves  is  extremely  characteristic.  The 
rounded  head  or  hud  consists  of  the  imexpanded  petals ;  if  a  ti-ansverse 
section  of  one  of  these  be  made,  it  will  be  seen  to  be  composed  of 
cellular  tissue,  in  the  midst  of  which  are  numerous  receptacles  for  the 
essential  oil ;  these  extend  through  the  whole  thickness  of  the  leaf, 
being  usually  three  or  fom-  deep. 

When  the  petal  is  viewed  on  the  sm-face,  the  receptacles  are  seen 
but  indistinctly,  being  obscured  by  the  cellular  tissue  of  which  the 
surface  of  the  petal  is  formed  (fig.  182). 

In  a  transverse  section  of  the  floioer-stalk,  viewed  with  an  object- 
glass  of  one-inch  focus,  the  following  appearances  present  them- 
selves : — 

In  the  outer  third  of  the  section,  numerous  large  holes  are  ob- 
served ;  these  are  the  divided  receptacles  ;  next  to  these,  passing 
inwards,  are  bundles  of  woody  fibre,  forming  a  narrow  circle  in  the 
interior  of  the  stalk ;  extending  from  these  to  near  the  centre  of  the 
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stalk  is  a  tissue  fonned  of  numerous  tulaular  cells,  with  larp-e  spaces 
between  tliem.  The  receptacles,  as  well  as  the  tubular  cells  and  inter- 
Fig.  183. 

TRANSVERSI?  SECnON  OP  FLOWER-BTALK  OF  THE  CLOVE. 

(Magnified  60  diameters.) 


a,  receptacles  for  the  essential  oil ;  the  section  being  a  thm  o"?';'i<?y,Pr^l^"'*,^f. 
appearance  of  apertures,  in  consequence  of  being  opened  into.  6  o,  ceuuiai 
tissues  surrounding  the  woody  fibre,  c  c,  bundles  of  ivoody  fibre,  d,  the 
tubular  structure  and  interspaces,  of  which  the  internal  portion  of  tne  «ai^  is 
formed,  e,  the  centre  of  the  stalk  ;  it  appears  dark  under  the  microscope,  the 
structure  being  obscure.  //,  droplets  of  oil. 

spaces,  contain  essential  oil,  visible  in  sections  immersed  in  water, 
the  form  of  innumerable  droplets  (fig.  183). 
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Lono-itudiual  sections  exhibit  a  nearly  similar  structural  arran^-e- 
ment  (%.  184).  " 
Cloves  contain  scarcely  any  starch. 

Fig.  184. 

LosarruDDiAL  Section  of  Flower-stalk  op  the  Cloto. 
(Magnifled  GO  diameters.) 


1- 


a  a,  receptacles  for  the  essential  oil,  apDearins  as  nnpi-tnroo  i,  • 

cut  into  in  making  the  section!  TceMfrlissfe  *TtoVdy  n'^'J^Z 
tubular  structure  and  interspaces  which  form  the  intenial  mrJfnn  t'l,.  f  it 
e,  the  dark  central  pait  of  the  flower-stalk    //^TopSs  of  ou! 

.rlovIS'^l'^'''''f ^^^""'^ture  somewhat  similar  to  that  of 
cloves  themselves;  that  is,  they  consist  of  cellular  tissue,  hollowed 
out  here  and  there  into  receptacles  for  the  essential  oil;  but,  inld- 
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dition,  the  stalks  are  provided  with  an  epidermis,  or  coating  of  the 
stellate  cells,  which  are  of  such  frequent  occurrence  in  different  kinds 
of  bark. 

The  Adulteratiom  of  Cloves. 

Cloves  are  but  seldom  sold  in  powder,  and  hence  the  liability  to 
adulteration  is  greatly  lessened ;  they  are,  however,  occasionally  met 

with  in  that  state.  ,  ^  ^• 

Olove-stalks,  although  vei-vinfenor,  contain  some  of  the  active  pro- 
perties of  cloves,  and,  as  ali-eadv  noticed,  are  occa.sionally  used  by  dis- 
tiUers  for  procuring  the  essential  oil  of  cloves.  We  have  reason  to 
believe  that  in  some  cases  the  stalls  are  ground  up,  and  mixed  with 
the  powder  of  genuine  cloves.  •    .  n 

The  quality  and  value  of  cloves  are  not  unfrequently  impaired,  like 
some  other  spices,  bv  the  absti-action  of  the  essential  oil. 

This  fraud  used"  to  be  extensively  practised  m  Holland,  the  draim 
cloves  for  more  effectual  conceahnent,  being  mixed  with  others  ot 
eood  quality :  and  even  in  some  instances  the  trouble  was  taken  to 
restore  as  nearly  as  possible  to  the  exhausted  cloves_  their  ongmal 
appearance,  by  rubbing  them  over  with  some  common  oil. 

Twm^v-^^e  samples  of  cloves,  whole  and  m  powder,  were  subjected 
to  examination,  the  results  being  that  one  only  of  the  powdered  cloves 
contained  a  proportion  of  clove-stalks,  while  from  none  of  the  whole 
cloves  had  the  essential  oil  been  abstracted.  -r  -.•    i  v 

The  volatile  oil,  as  imported  into  this  countiy  from  India,  has  been 

found  to  be  adulterated.  .■,  ^  ^-^     •^  • 

Mr  M'OuUoch,  on  the  authoritv  of  Milbm-n,  states  that  the  oil  un- 
ported'from  India  contains  nearly  half  its  weight  of  an  msipid  ex- 
pressed oil,  which  is  discovered  by  dropping  a_  little  into  spmts  of 
wine,  and  on  shaking  it  the  genuine  oil  mixes  with  the  spirit,  and,  the 
in<?inid  senaratino-,  the  fraud  is  detected. 

Vo'TrL^ih^  Mhe  moisture,  whereby  their  weight  becomes 
greatly  increased,  a  fact  of  which  dishonest  dealers  have  not  failed  to 
avail  themselves. 

The  Detection  of  the  Adulterations  of  Cloves. 

The  adulteration  of  powdered  cloves  with  clove-stalks  is  readUy 
detected  by  means  of  the  microscope,  which  reveals  the  presence 
of  the  stellate  cells  of  the  stalk.    If  the  essential  oil  has  been  removed 
?he  cloves  will  be  drv  and  bitter,  no  oil  appealing  on  the  surface  when 

^'^^t'q^ltirS'el^^^^^^^^  be  estimated  by  distillation ; 

Pennine  cloves  yield  from  17  to  22  per  cent,  of  oil. 

^   iXltmtioL  with  foreign  vegetable  substances  are  all  discovered 

by  the  microscope. 
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PnTENTO  OR  ALISPICE  AND  ITS  ADULTEEATIONS. 

Pimeuto,  Jamaica  pepper,  or  Allspice,  is  the  beny  or  fruit  of  tlie 
Myrtus  pimento  or  Euyenia  jnmento,  one  of  the  Myrtacecs.  It  grows 
in  the  West  Indies,  and  principally  in  Jamaica,  especially  on  the  hills 
on  the  north  side  of  that  island.  It  forms  a  beautiful  ti-ee,  which 
attains  some  thirty  feet  in  height,  and  is  planted  in  regular  wallis, 
which  are  named  Pimento  walks. 

The  fruit  is  gathered  after  it  has  attained  its  full  size,  but  while 
stiU  green  ;  it  is  usually  sun-dried,  but  sometimes  kiln-di-ied  on  sheets  ; 
in  di-yiiig,  the  colom-  of  the  fruits  change  from  green  to  reddish-brown; 
when  ripe,  the  beny  becomes  black  or  dark  purple  in  colour,  and  is 
glutinous,  and  consequently  in  that  state  unfit  for  preservation. 

Composition  of  Allspice. 

As  in  the  case  of  cloves,  the  essential  oil  of  pimento  is  a  mixtm-e 
of  two  oils— a  light  and  a  hea\y  oil.  The  properties  of  these  are  thus 
descnbed  in  Pereh-a's  '  Materia  Medica '  :— 

'  By  distillation  with  water,  allspice,  like  cloves,  yields  two  vola- 
tile oils— the  one  lighter,  the  other  heavier  than  water.  The  oil  of 
pimento  of  the  shops  is  a  mixture  of  these ;  except  in  odoiu-,  its  pro- 
perties are  almost  identical  with  those  of  oil  of  cloves.  Its  specific 
gra^aty  at  8°  0.  is  1-03.  By  distillation  with  caustic  potash,  the  lit/ht 
oil  IS  separated ;  the  residue,  mixed  with  sulphmic  acid,  and  submitted 
to  distillation,  gives  out  the  heavy  oil. 

'a.  Liyht  oil  of  pimento  (Pimento-Hyclrocarhon)  has  not,  to  my 
knowledge,  been  previously  examined.  Its  properties  appear  to  be 
similar  to  those  of  the  light  oil  of  cloves.  It  floats  on  water  and  on 
liquor  potassse,  and  is  slightly  reddened  by  nitric  acid.  Potassiifim 
sinks  m,  and  :s  scarcely,  if  at  all,  acted  on  by  it. 

Heavy  oil  of  joime^ito  (Pimentic  Acicl).—Yevj  similar  to  clove- 
acid.  It  forms  with  the  alkalies  crystalline  compounds  (alkaline  jnmen- 
tates),  which  become  blue  or  greenish  on  the  addition  of  the  tinctui-e 
f  chloride  of  iron  (owing  to  the  formation  of  &  ferruginous  pimen- 
tate)  JNitnc  acid  acts  violently  on  and  reddens  it.'  The  heavy  oil  is 
said  by  some  to  be  identical  with  eugenic  acid. 

Bonastre,'  in  1825,  published  the  following  analysis  of  the  compo- 
sition 01  punento  berries : —  r 

^  '  Journ.  de  Chim.  Mdd.'  i.  210.  • 
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Volatile  oil 
Green  oil . 
Solid  fat  oil 
Astringent  extract 
Gummy  extract 
Colouring  matter 
Kesinous  matter 
Uncrystallisable  sugar 
Malic  or  gallic  acid 
Lignin 

Saline  ashes  . 

Water 

Loss 

Red  matter  insoluble  in 
Pellicular  residue  . 
Brown  flocculi 

Total  . 


water 


Husks.  1 

t 

Kernels. 

10-0 

5-0 

84 

z  a 

0-9 

1  .o 

1  Z 

11-4 

39"8 

3-0 

rz 

4-0 

1-2 

3-0 

8-0 

0-6 

1-6 

60-0 

2-8 

1-9 

3-5 

3-0 

1-6 

1-8 

8-8 

16-0 
3-2 

100-0 

100-0 

Complicated  and  complete  as  the  atove  analysis  would  appear  to 
be  itTet  does  not  embrace  the  starch  which  is  contamed  rn  the  seeds 
i? lll  quantity.  Bracomiet,  however,  detected  the  presence  of  starch, 
and  estimates  it  as  forming  9  per  cent  of  the  seeds 

m.  Whipple  estimates  the  yield  of  pimento  oil  to  be  about  4=  O/ 
per  cent,  of  the  weight  of  the  seed. 

Stmcture  of  Allspice. 

As  in  the  case  of  other  seeds,  the  pimento  berry  is  divisible  into 
husk  and  seed,  or  seeds  proper.  _        ^  ^, 

The  husk  is  thick,  and,  when  dried,  soft  and  buttle,  it  senas  on 
froni  its  inner  surface  a  polongation  which  forms  a  septum,  and 
ri^^nrlpq  the  interior  into  two  parts  or  cells. 

Vertical  secti^^^^  of  the  /mV.,  viewed  under  the  microscope,  present: 

the  following:  structures : —  ^ 

ispW  ve°  «b  ;  while  the  deepest  or  innermost  part  o£  the  secfo. 

"""Sfclpyi^^it/^^^^^^^  formed  hy  the  hr.k  is  a  small  a.t« 
seed  of  a  da°rk  Wn  or  chocolate  colom-.    After  maceration,  two 

1  Duncan, '  Edinb.  Dispens.' 
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membranes  may  be  separated,  although  with  some  difficulty,  from  the 
surface  of  the  seed.  The  most  external  of  these  is  thin  and  delicate, 
and  consists  of  a  single  layer  of  elongated  and  angular  cells.  The 

Fig.  185. 

Vertical  Section  of  Husk  of  Pimento  Bebby. 
(Mftgnifled  220  diameters.) 


a,  cells  or  receptacles  for  the  essential  oil.  h,  stellate  cells,  c,  cellular  tissue 
surrounding  the  stellate  cells,  d,  bundles  of -svoody  fibre  and  spiral  vessels,  e, 
cellular  tissue  forming  the  inneiTuost  part  of  the  section. 

internal  tunic  is  composed  of  several  layers  of  large  con-ugated  and 
coloured  cells  ;  it  is  to  these  that  the  darlr  colour  of  the  surface  of  the 
seed  is  due  ;  when  \-iewed  under  the  microscope,  they  exhibit  a  cha- 
racteristic port  wine  tint  (figs.  186  and  186). 

^  The  structure  of  the  seed  proper,  as  displayed  in  vertical  sections, 
18  aa  follows : — 
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Eiinning  round  the  outer  part  of  tlae  section  is  a  single  layer  of  large 
receptacles,  the  remaining  thickness  heing  made  up  of  angular  and 
transparent  cells,  the  cavities  of  which  are  filled  with  numerous  well- 
dehued  starch  gTanules  (fig.  187). 

When  pimento  herries  are  reduced  to  powder,  the  whole  of  the 
foregoing  structures  become  disunited,  broken  up,  and  Tariously  in- 


Fig.  18C. 

Portion  op  the  Membranks  on  Surface  op  the  Seed  Pkopkb. 
(Magnified  220  diameters.) 


a.  External  membrane,  consisting  of  a  single  layer  of  elongated  and  angnlar 
cells.  6.  Internal  membrane,  made  up  of  several  layers  of  large  port  \nne 
coloured  cells. 

termixed.  The  port-wine  coloured  cells  are  particularly  conspicuous, 
and  afford  a  character  by  which  the  nature  of  the  powder  may  he  at 
once  determined. 

The  several  structiu-es  above  mentioned,  as  they  appear  in  genuine 
ground  pimento  powder  or  allspice,  are  represented  m  fig.  188,  p.  o86. 
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The  Adulterations  of  Allspice. 
Of  twenty-one  samples  of  ground  allspice  sulDjected  to  examination, 
one  only  was  adulterated  with  mustard  husk,  a  result  probalaly  mainly 
1  attributable  to  the  great  cheapness  of  this  spice. 

Fig.  1S7. 

Yertical  Section  of  thk  Seed  Proper  of  Pimento  Berry. 
(Magnified  220  diameters.) 


In  the  npi)er  part  of  tbe  figure  two  of  the  receptacles  for  tbe  oil  are  exhibited ; 
and  in  the  lower  part,  a  a,  the  cells  containing  the  smaU  rounded  starch  cor- 
puscles ;  b,  loose  starch  corpuscles,  magnified  420  diameters. 


The  Detection  of  the  Adultercdions  of  Allspice. 

Tbe  adulteration  with  mustard  busk  is  one  wbicb  is  xery  readily 
discoverable  by  means  of  tbe  microscope,  tbe  structural  peculiarities  of 
wbicb  will  be  foimd  described  under  tbe  article  '  Mustard.' 
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MIXED  Sl'ICE  AND  ITS  ADTJLTERATTONS. 

Mixed  spice,  as  the  name  implies,  is  a  mixture  in  different  pro- 
portions of  several  spices  ;  those  of  which  it  is  usually  composed  are 


Pig.  188. 

Ground  PBrESTO  oit  Allspice. 
(MagniQed  220  diameters.) 


a.  Fragments  of  husk.  6.  Stellate  cells,  c.  External  coat  or  membrane  of  seed 
proper,  d.  Port- wine  coloured  cells,  which  form  the  second  membrane  of  seed. 
c.  Cells  of  the  seed,  which  contain  the  starch  granules.  /.  Loose  starch  cor- 
puscles. 

ground  ginger,  pimento  or  allspice,  with  cassia  or  cinnamon,  and 
sometimes  a  small  quantity  of  powdered  cloves.  Such  are  the  usual 
ingredients  which  enter  into  its  composition.  In  some  rare  cases, 
however,  it  may  contain  other  spices,  as  mace  or  nutmeg  ;  hut  what- 
ever the  constituents,  and  in  whatever  proportions  they  ai'e  employed, 
mixed  spice,  when  genuine,  shoidd  consist  enth'ely  of  a  combination 


SPICES  AND  THEIR  ADULTimATIONS.  587 

of  spices,  and  should  not  contain  a  particle  of  fai-inaceous  matter  other 
than  that  proper  to  the  articles  composing  it.  Thus  it  should  never 
contain  wheat  Jiouv,  jiotato  farina,  or  saijo  meal,  and  whenever  any 


Fig.  189. 
G-ENOUJE  Mixed  Spice. 
(Magnified  220  diameters.) 


a.  "Woody  fibre  of  ginger,  a'.  Cells  of  ginger  which  contain  the  starch,  a". 
Starch  granules  of  ginger,  b.  Outer  husk  of  pimento  or  allspice.  V.  Stellate 
celUofsame.  h".  Husk  o£  the  seed  proper  of  ditto.  V".  Port-wine  coloured 
cells  of  ditto,  ft"".  Starch  cells  ;  and  V"",  starch  granules  of  same.  c.  Starch 
granules  and  fragments  of  powdered  cinnamon. 

of  these  are  present,  the  article  is  to  be  considered  and  treated  as 
adulterated. 

The  above  engraving  represents  the  structm-e  of  the  several  ingi-e- 
dients  of  which  genuine  mixed  spice  is  usually  formed. 
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The  Adultbratiom  of  Mixed  Spice. 

Of  the  ttoentij-siv  samples  of  mixed  spice  subjected  to  microscopic 
examination,  no  less  than  sixteen,  or  considerably  more  than  one-half, 
were  adulterated  •,  and  hence  it  is  seen  that,  of  all  the  spices,  mixed 
spice  is  the  most  liable  to  adulteration. 

The  substances  employed  were  wheat  Jlour  in  five  cases,  ground 
rice  in  two,  scu/o  in  four,  j^otato  Jlour  in  one,  and  vegetable  substances  ■ 
undetermined  in  three  of  the  samples. 

The  Detection  of  the  Adulterations  of  Mixed  Spice. 

The  whole  of  the  adulterations  of  mixed  spice  are  discoverable  by 
means  of  the  microscope  :  the  charactei-s  of  wheat  flour  are  described 
and  figiu-ed  at  pp.  287  and  289  ;  of  rice  at  pp.  306  and  308  ;  of  sago 
at  pp.  375  and  376  ;  and  of  potato  flour  at  p.  371. 

Fuller  details  respecting  the  adulteration  of  spices  will  be  found  in 
the  author's  work  entitled  '  Food  and  its  Adulterations.' 

The  present  affords  an  additional  instance  of  what  we  have  so 
frequently  before  observed — namely,  that  the  higher  the  price  of  anyi 
article,  the  more  it  becomes  subject  to  adulteration. 

It  thus  again  appears  that  the  public  and  the  revenue  are  exten- 
sively defrauded  through  the  adulteration  of  the  majority  of  the  spices 
sold. 
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OHAPTEK  XXXIV. 
CURRY  POWDER  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTEKATION. 

Anv  Starch  or  farina  or  any  vegetable  substance  added  for  the  sake  of  bulk 
.nnd  weight  only  ;  or  added  mineral  matters,  mcludmg  those  employed  m  the 
-  joloration  of  the  Cayenne  used. 

Setoeai,  ingredients  enter  into  the  composition  of  cimy  powder. 
The  articles  of  which  genuine  curry  powder  of  good  quality  ordinarily 
consists  are  turmeric,  Ijlack  pepper,  coriander  seeds,  Cayenne,  lenu- 
-^eek,  cardamoms,  cumin,  ginger,  aUspice,  and  cloves.  Ot  these, 
turmeric  forms  the  lai-gest  proportion,  next  to  this  m  amount  are 
coriander  seeds  and  hlack  pepper ;  Cayenne,  cardamoms,  cumin,  and 
fenugreek  form  hut  a  small  poi-tion  of  the  article  ;  while  the  gmger, 
cloves,  and  allspice  are  in  many  cases  omitted.  _ 

The  properties  and  structm-e  of  several  of  the  ahove  ingredients 
have  heen  ah-eady  fully  described  and  illustrated,  as  tui-menc,  black 
■.pepper  Cavenne,  ginger,  cloves,  and  aUspice;  it  thus  only  remains  to 
'  crive  a  description  of  the  other  ingTedients  which  enter  into  the  com- 
"  Josition  of  ciu-ry  powder— namely,  coriander  seeds,  cardamoms,  fenu- 
greek, and  cumin  seeds. 

Coriander  Seeds. 

Coriander  (Coriandmt)i  sativum)  helongs  to  the  natural  family  Um- 
bhelliferffi ;  it  is  an  aimual  plant  of  a  foot  or  a  foot  and  a  half  m  height ; 
it  is  cultivated  in  Essex,  and  although  not  reaUy  indigenous,  is  fre- 
quently met  with  gi-owing  wild  in  the  neighbourhood  of  Ipswich  and 

some  parts  of  Essex.  ,  x-i     m     i  •  i 

Conander  seeds  yield  about  0-37  per  cent,  of  a  volatile  oil,  which 
is  obtained  by  distilling  the  bruised  Iruit  with  water.  It  has  an  aro- 
matic taste,  in  its  dilute  state  smelling  like  orange  flowers,  but  when 
concentrated  having  the  odour  of  the  seeds.  Specific  gravity  0-859 
(Tromsdorff")  or  0-871  at  14°  C.  (Kawalier),  It  dissolves  in  alcohol, 
ether,  and  oils,  both  fixed  and  volatile,  and  it  explodes  violently  with 
iodine.    Coriander  oil  is  a  mixture  of  several  other  oils. 

The  fruit  or  seed  vessels  are  globular,  about  twice  the  size  of  white 
mustard  seeds,  and  of  a  light-brown  colom-.  Each  fruit  consists  of 
two  hemispherical  portions  termed  mericarps,  e&ch  of  which  is  a  seed; 
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each  niericarp  exhibits  on  its  outer  sm'face  five  prijnary  ridges,  which 
are  depressed  and  wavy,  and  four  secondary  ridges,  which  are  more 
prominent  and  straiglit.  The  channels  are  without  receptacles  for  the 
essential  oil,  or,  as  they  are  technically  termed,  vitice ;  but  near  the 
commissui'es  in  each  niericarp  there  is  a  small  vitta,  so  that  each  fruit 
is  provided  with  four  of  these  receptacles. 

The  epidermis  or  husk  is  thick  and  brittle  ;  when  examined  with  the 


Fig.  190. 

Trasstbrse  Section  of  Mekicarp  op  Coriasder. 
(Magnified  "220  diameters.) 


a  a,  fibres  forming  the  husk.  6,  the  loose  cells  which  unite  the  husk  to  the  seed. 
c,  the  layer  of  deeply-coloured  cells,  in  contact  with  the  seed,  d  d,  cells  com- 
posing the  seed  itself. 

microscope,  it  is  observed  to  consist  of  narrow  fibres,  which  cross  eacl. 
other,  and  are  disposed  in  a  waved  manner.  It  is  united  to  the  seed 
by  means  of  loose  cellular  tissue,  the  cavities  of  the  cells  being,  empty. 
On  the  removal  of  the  husk,  these  cells  are  torn  thi-ough,  some  re- 
maining attached  to  it,  and  the  rest  to  the  sm-face  of  the  seed.  After 
the  separation  of  the  husk,  the  seed  is  still  of  a  brown  colour.  Beneath 
the  cells  above  described  succeeds  a  delicate  fibrous  membrane ;  and 
next  to  this  is  a  layer  of  deeply-coloured  cells,  which  merge  into  the 
cells  which  form  the  substance  of  the  seed ;  these  are  angular,  with 
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,ell-clefined  parietes,  their  cavities  enclosing  oil  in  a  molecidar  con- 
ition.    The  matm-e  seed  does  not  contain  starch  (fig.  UO). 

The  peculiar  structure  of  the  husk  of  coriander  seeds  affords  a 
aeans  by  which  their  presence  in  cui-ry  powder  may  he  readily  de- 

.:ermined.        cardamom  Seeds,  07-  Grains  of  Paradise. 

The  seeds  of  cardamom  yield  by  distillation  ^volatile  ccromatic  ad, 
..aving  a  very  pungent  tastef  Its  specific  gTavity  is  0-945 ;  it  is  soluble 
n  ether,  alcohol,  Snd  oils,  also  in  acetic  acid  and  caustic  potasb.  It 
brms  an  explosive  compound  with  iodine  and  it  inflames  when  treated 
.^ith  strong  nitric  acid.    The  seeds  of  Amomim  repens  yield  about 
,  t-9  per  cent,  of  this  oil.  Crystals  are  deposited  from  old  cardamom  oil, 
i;aaving  the  composition  of  camphine.    Cardamoms  likewise  contain  an 
jcrid'^resin  and  a  fixed  non-drying  oil.  „     ^  .       ^  ^ 

The  seed  vessels  or  pods  of  cardamom  are  of  a  tnangular  torm, 
land  consist  of  three  valves,  tapering  at  either  extremity  to  a  blunt 
aoint;  the  membrane  forming  them  is  thick,  tough,  and  fibrous,  and 
"s  made  up  of  cellular  tissue  and  bundles  of  woody  fibre,  which  spread 
out  from  the  flower-stalk,  and  are  visible  on  the  surface  to  the  naked 
>}ye,  impai-ting  the  striated  appearance  characteristic  of  the  seed  vessel 

of  cardamom.  ,       ,  ^ 

From  its  interior,  the  seed  vessel  sends  off  three  prolongations  or 
septa,  which  divide  it  into  as  many  compartments ;  each  of  these  con- 
tains several  hard  seeds  of  a  reddish-brown  colour  and  exhibiting 
upon  the  surface  peculiar  markings.    The  seeds  are  united  together  by 
■a  o-elatinous  pai-enchymatous  substance,  which,  under  the  microscope, 
ids^seen  to  consist  of  numerous  delicate  tubules,  filled  with  granular 
aand  oUy  matter.  •  i 

The  covering  of  the  seed,  examined  with  the  microscope,  and 
mewed  on  its  outer  surface,  is  observed  to  consist  of  a  single  layer  of 
^-coloured  cells,  much  elongated,  and  of  uniform  diameter,  terminating 
i  in  rounded  extremities,  the  cells  being  accm-ately  adapted  to  each 
•other.  Beneath  these  are  other  cells,  which  bear  a  general  reseni- 
rblance  in  form  to  those  previously  described,  but  differ  in  being  more 
.  irreoTilar,  much  more  delicate,  and  in  the  absence  of  colour;  they  are  dis- 
rposed  in  an  opposite  direction  to  those  of  the  outer  layer  (fig.  191,  A). 
In  transverse  sections,  the  elongated  coloured  cells  appear  as  small 

0  canals,  of  a  rounded  form. 

Lying  beneath  the  coating,  and  forming  part  of  the  seed,  is  a  single 
•row  of  large  cells,  resembling  receptacles.  Next  in  order  from  without 

1  inwards  is  a  layer  of  small  cells,  deeply  colom-ed.  Next  to  these  suc- 
f  ceed  the  cells  which  constitute  the  principal  part  of  the  seed  ;  these 
:  for  the  most  part  resemble  closely  the  cells  of  pepper,  being  veiy  an- 
.  gular,  but  they  differ  in  their  more  delicate  and  transparent  appear- 
:  ance,  and  in  being  minutely  dotted  (fig.  191,  B). 

Dr.  Pereira,  in  his  '  Materia  Medica,'  quotes  the  statement  made 
by  Schleiden,  that  he  has  discovered  in  the  cells  of  cardamom  '  amor- 
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phous,  paste-like  starch.'  We  find  the  cells  to  be  completely  filled 
with  miuute,  distinctly-formed  starch  granules,  resembling  closely 
those  of  rice.    Probably  the  statement  of  M.  Schleideu  arose  from  hi.s 


Fig.  191. 

OUTOU  MlCMBKAKE  AND  TnANSVERSE  SECTION  OP  A  CAUDAMOM  SEED. 

(Magnified  220  diameters.) 


A  Portion  o£  outer  membrane,  exhibiting  the  elongated  cells  of  which  it  is  com- 
Tiosed  £  Transverse  section  ot  seed,  a  a,  cells  forming  outer  membrane. 
6  6  receptacle-like  cells,  c,  layer  of  coloured  cells,  d  d,  transparent  and 
minutely-dotted  cells,  of  which  the  substance  of  the  seed  itself  is  made  up, 
and  which  are  flUed  with  starch  coipuscles. 

having  employed  but  a  feeble  magnifying  power  in  the  examination  of 

*^^Thf  presence  of  cardamom  seeds  in  curry  powder  is  most  readily 
determined  by  means  of  the  dotted  and  angular  cells  which  form  the 
substance  of  the  seeds. 
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Cumin  Seeds. 

The  cuiuin  plant  {Cuminum  cyminum)  belongs,  like  coriander  to 
the  natiu-al  order  Umbelliferse  ;  it  is  a  native  of  Upper  Egypt,  but  is 

Fig.  192. 

Transverse  Section  of  Mkeicarp  op  Cumif. 
(Magnified  220  diameters.) 


extensively  cultivated  in  SicUy  and  Malta.    It  yields  a  volatile  oil, 

Q  a 
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obtained  by  extraction  with  absolute  alcohol  and  precipitation  by 
water.    It  is  said  to  be  a  mixture  of  Caminol  and  Cymine. 

Cumin  seeds  resemble  somewhat  caraway  seeds,  but  they  are  larger, 
straighter,  and  of  a  lighter  colour.  The  fruit  is  double,  like  that  of 
coriander  and  all  other  umbelliferous  plants,  consisting  of  two  seeds 
or  mei-icarps  ;  each  mericarp  has  five  primartj  ridges,  which  are  filiform, 
and  four  sccondnry  ridges,  which  are  prominent ;  but  both  are  fur- 
nished with  very  fine  hairs  or  prickles,  and  under  each  secondary  ndge 
is  a  receptacle  or  vitta.  n  • 

Transverse  sections  of  a  cumm  seed  exhibit  the  following  struc- 

The  haii-8  or  prickles  are  composed  of  cells,  the  long  diameters  of 
which  are  arranged  in  the  long  axes  of  the  hairs.  The  husk  or  cover- 
ino-  of  the  seed  is  made  up  of  numerous  rounded  or  angular  cells,  m 
the  midst  of  which  the  large  and  triangular  vittse  are  situated ;  and 
between  the  husk  and  seed  itself,  there  is  usuaUy  a  small  space,  which 
is  formed  by  the  contraction  of  the  seed  after  it  has  arnved  at  raa- 
turity  The  surface  of  the  seed  is  of  a  pale-brown  colour,  and  its  in- 
terior "whitish  and  transparent.  The  exterior  portion  of  the  seed  is 
constituted  of  elongated  and  flattened  ceUs  of  a  brownish  colour,  while 
the  interior  and  chief  substance  of  the  seed  itself  is  composed  of  nu- 
merous distinct  angular  cells,  the  waUs  of  which  are  thick  and  perfectly 
transparent ;  their  contents  consist  principally  of  oil.  The  seeds  do 
not  contain  starch  (fig.  192).  ^   ^       j  ii 

Cumin  seeds  possess  a  very  peculiar  medicinal  taste  and  smeu ; 
and  it  is  to  these  that  curry  powder  owes  the  gTeater  part  of  its  charac- 
teristic flavom-  and  odour. 

Fenugreek  Seeds. 

The  sti-uctiu-e  of  fenugreek  seeds  is  very  characteristic.  The 
husk  of  the  seed  consists  of  three  membranes  ;  the  outer  is  ioi-med 
of  a  single  layer  of  cells,  which  bear  a  remarkable  resemblance  m 
shape  to  a  short-necked  bottie ;  the  long  diameter  of  these  cells  is 
disposed  vertically,  the  narrow,  neck-like  part  being  most  external, 
and  formino-  the  other  sm-face  of  the  membrane.  The  second  membrane 
consists  of°a  single  layer  of  cells,  two  or  three  times  lai-ger  than  the 
former  very  much  flattened,  and  having  then-  margins  regularly  and 
beautifuUy  crenate.  The  third  and  innermost  membrane  is  made  up 
of  several  layers  of  large  transparent  cells  filled  with  mucilage  ;  these 
cpWa  expand  s-reatiy  when  immersed  m  water  (hg. 

The  seed  itself  consist  of  two  lobes,  which  are  made  up  of  numerous 
minute  cells  ;  those  in  the  upper  part  of  each  lobe  are  oi  a  rounded  or 
Sar  form,  while  those  situated  near  the  innermost  part  become 
miSh  elongated,  the  long  axes  of  the  cells  being  placed  transversely 
S  each  lobe.  The  entire  seed  is  covered  by  a  single  layer  of  small 
angular  cells  (fig.  194), 
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rig.  193. 

Outer  Coat  or  Test.\  op  a  Penugheek  Seed. 
(Magnified  220  diameters.) 


of  husk  of  seed  ;  c  c,  bottle-like  colls  •  r/  nn=)?  ^-  Transverse  section 

ef  coloured  cells  merging  into,//,  theUrfe  r^V-l^-''-^^^^  ''^^^'^  '^^^^"^ 
membrane,  filled  with  mucilage.  ^°rm  the  imiermost 

Q  Q  2 
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Fig.  194, 

Transverse  Section  op  Lobe  of  Fesugreek  Seed. 
(Magnified  220  diametera.) 


Mil..: 


.,f|f>. 


lobe. 

THE  ADTJLTEEATIONS  OF  CXTKET  POWDER. 

In  various  works  whicli  we  have  consulted,  we  do  not  meet  wkh 
a  sino-le  remark  relating-  to  tlie  adulteration  of  cun-y  powdei.  -biKe 
man^  of  thTother  articles  of  wMch  we  have  treated  tlxis  appears  to 
have  been  neglected  by  writers  on  tbe  adulteration  oi  lood. 

ItesuUs  of  the  Examination  of  Samples. 

Tiomty-six  samples  of  tMs  article  were  subjected  to  analysis  ;  of  ^ 
these  nearly  four-fifths  toere  adulterated. 

It  appeared — 
That  seven  only  were  genuine. 
That  nineteen  were  adulterated. 
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Th&t  ffround  rice,  usually  iu  very  large  quantities,  was  present  in 

nine  samples. 
That  potato  farina  was  detected  in  one  sample. 
That  salt  was  present  in  eiff/it  of  the  samples. 

That  the  highly  poisonous  metallic  oxide,  BED  LEAD,  was  detected  in 

no  less  than  eiffht  of  the  samples. 
That  in  seven  of  the  samples,  the  adulteration  consisted  of  (/round  rice 

only. 

That  in  o?2e  sample,  the  adulteration  consisted  of  ground  nee  and  salt. 
That  in  one  sample,  the  adulteration  consisted  of  ground  nee  and  eed 

LEAD. 

That  in  three  samples,  the  admixtm-e  consisted  of  salt  only. 
That  in  three  samples,  the  adulteration  consisted  of  salt  and  red  lead. 
That  in  three  samples,  the  adulteration  consisted  of  eed  lead  only. 
That  in  one  sample,  the  adulterations  consisted  of  EED  lead,  potato 
fanna  and  salt. 

The  above  results  do  not  give  the  whole  of  the  adulterations  to 
which  the  samples  of  cm-ry  powder  had  been  subjected,  since  they  do 
not  include  the  fen-iiginous  earths,  which  were  shown,  in  our  article 
on  '  Cayenne,'  to  be  so  frequently  employed  to  impart  colom-  to  that 
substance. 

"W  e  have  thus  shown  that  cm-iy  powder  was  adulterated  nearly  to 
the  same  extent  as  Cayenne,  and  with  ingredients  equally  pernicious, 
bmce  the  quantity  of  curiy  powder  eaten  at  a  meal  is  so  considerable, 
Its  adulteration  with  red  lead  is  even  more  prejudicial  and  dangerous 
than  m  the  case  of  Cayenne.  Not  long  since  we  received  a  parcel  of 
cm-ry  powder  from  a  sm-geon,  accompanied  by  the  statement  that  the 
person  who  iiad  partaken  of  it  had  been  made  very  ill  by  it.  We  found 
it,  on  analysis,  to  contain  a  large  quantity  of  lead. 

The  lead  in  cmiy  powder  is,  no  doubt,  generaUy  introduced 
through  the  adulterated  Cayenne  employed  in  its  manufactiu-e.  It  is 
possible,  however,  that  chromate  of  lead  may  here,  as  in  some  other 
cases,  be  used  to  intensify  and  render  more  permanent  the  colour  of 
the  powder. 

The  whole  of  the  ingredients  required  for  making  cmTv  powder 
may  be  obtained  of  most  seedsmen. 

With  a  common  pestle  and  mortar  the  seeds  may  be  reduced  to 
powder,  and  thus  the  housekeeper  may  herself  prepare  genuine  curry 
•powder,  of  the  best  quaUty,  at  a  cost  of  about  •2d.  per  ounce.  Since 
curry  powder  is  retailed  at  Qd.,  Sf/.',  and  even  Is.  an  ounce,  it  evi- 
dently bears  an  enormous  profit.  What,  then,  must  be  the  gain  upon 
the  sale  of  an  article  which  is  made  up  principaUy  of  turmeric  powder, 
salt,  ground  nee,  and  inferior  capsicum  berries  ?  and  of  such  a  mix- 
ture many  of  the  cmiy  powders  purchased  at  the  shops  ahnost  entirely 
consist. 
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The  Detection  of  the  Adulterations  of  Cumj  Powder. 

The  adiilterations  of  curry  powder,  with  the  exception  of  potato 
farina  or  starch,  met  with  in  one  sample,  being  the  same  as  those  of 
Cayenne,  the  methods  for  their  discovery  are  also  the  same;  the  reader 
is  therefore  referred  to  the  article  on  '  Cayenne.' 

The  presence  of  potato  starch  is  detected  by  means  of  the  micro- 
scope ;  the  characters  of  its  granules  are  described  under  the  head  of 
*  Arrowroot.' 
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TURMERIC  AND  ITS  ADULTERATIONS. 


DEFINITION  OF  ADULTERATION. 

An}'  added  vegetable  or  mineral  substance. 

TuEMEKic  powder  consists  of  the  ground  tubers  of  a  plant  belonging 
to  the  same  genus  as  ginger,  viz.  Curcuma  longa,  and  which  is  exten- 
sively cultivated  in  India  and  China, 

Com2')osition  of  Turmenc. 
The  composition  of  tiu-meric  is  shown  in  the  following  analysis  :  


Yellow  volatile  oil 
Curcumin  . 
Yellow  extractive 
Gum  . 
Woody  fibre 
Water  and  loss  . 


Johii's  analysis. 


Acrid  oil. 
Curcumin. 
Brown  colouring  matter, 
Gum  (a  little). 


Vogel  and  Felletier's  analysis. 

Starch. 


1 

10  to  11 

11  to  12 

14 
57 
7  to  6 

100 


Wood}'  fibre. 
Chloride  of  calcium. 
Turmeric. 


To  extract  curcumin,  the  pulverised  root  is  boiled  with  water  the 
residue  ti-eated  with  boiling  alcohol ;  the  alcoholic  solution  is  filtered 
evaporated,  the  residue  digested  with  ether,  and  the  ethereal  solution 
in  Its  turn  evaporated,  when  the  cui-cumin  is  obtained,  toa-ether  with  a 
little  essential  oil. 

It  is  heavier  than  water,  in  which  it  is  insoluble,  but  dissolves 
Jqo  alcohol,  ether,  and  in  fixed  and  volatile  oils.    It  melts  at 

The  alcoholic  solution  of  tm-meric  is  characterised  by  its  beautiful 
green  fluorescence  ;  the  spectrum  of  the  solution  not  exhibitin<^  any 
pecuhar  dark  or  bright  bands.  The  fluorescence  is  best  seen  by 
placmg  the  solution  of  turmeric  in  alcohol  or  benzol  in  a  smaU  beaker 
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and  concentrating  the  rays  of  the  sun  in  the  solution  "by  means  of  a 
turning-glass,  when  the  illuminated  cone  thus  produced  will  appear 
bright  green. 

Structure  of  Turmeric. 

The  structure  of  the  tuher  of  turmeric  is  well  exhibited  in  the  an- 
nexed figures. 


Pig.  195. 
Section  of  Tuber  of  Ttomemc. 


a  a  epidei-mis  ;  6  6,  transparent  cells  ;  c  e,  yellow  masses ;  d  d,  oil  globules  : 
ee,  I'esinous  masses  ;  /,  dotted  duct  ;  g,  elongated  cells  of  woody  fibre,  hing 
by' the  side  of  ilie  duct. 

Turmeric  powder  consists  of  large  cells :  some  of  these  are  loosely 
imbedded  in  a  reticular  tissue,  but  others,  and  these  the  majority,  are 
quite  fi-ee ;  they  may  be  recognised  with  facility,  under  the  microscope, 
by  theii-  size  and  bright  yellow  colour  (fig.  195). 

Wheu  crushed,  each  cell  is  found  to  contain  coloimng  matter  as 
well  as  a  number  of  starch  granules,  resembling  closely  those  of  Cur- 
cum;\  arrowroot,  ah-eady  described  and  figured  (fig.  19G). 
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On  the  application  of  iodine  the  cells  become  of  a  deep  blue,  and 
with  potash,  of  a  reddish  colour. 

THE  ADm,TERATI0jr8  OF  TTJEMEEIC. 

Of  fourteen  samples  of  turmeric  powder  subjected  to  examination 
two  were  adulterated  with  yelloio  ochre,  to  the  extent  of  nearly  20 

Fig.  106. 


Wh.en  the  otZ^^^,         °'-  ^W""  "°  <'"'.ta  to 

«emm  whether  it  was  lirtle  or  not  to  sophktfcatSr'' 
Th,  DetKtim  of  tlie  AdvUerMions  of  Turmeri- 

where  directed  for  the  de.ecti„nV£  Z^tSZ^'Xl 
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presence  of  the  ochre  is  in  general  sufficiently  indicated  by  the  colour 
and  weight  of  the  ash.  .  .     n  v 

Should  the  ash,  say,  of  10  grammes  of  the  turmeric  contam  alkali, 
as  carbonate  of  soda  or  potash,  we  must  proceed  as  follows  :  the  alJkali 
must  he  dissolved  out  of  the  ash  by  means  of  distilled  water.  The 
solution  is  coloured  blue  by  means  of  a  drop  of  tincture  of  litmus,  and 
the  amount  of  allvalinity  is  ascertained  by  the  addition  from  a  graduated 
burette  of  a  standard  solution  of  sulphuric  acid,  the  change  in  the 
colour  of  the  litmus  indicating  the  end  of  the  reaction. 

For  the  determination  and  estimation  of  potash  and  soda  the  pro- 
cesses will  be  found  given  in  the  article  on  '  Tea.' 

It  is  always  well  to  test,  before  commencing  the  analysis,  the  re- 
action of  the  watery  solution  of  the  ash,  as,  unless  this  is  decidedly 
alkaline,  it  does  not  contain  alkali,  and  again  it  is  proper  also  to  test 
the  ash,  to  ascertain  whether  salt  has  been  used,  and  whicb  is  some- 
times employed  to  heighten  the  colour  of  vegetable  powders._  \  ery 
.generally  the  presence  of  alkali  in  the  ash  of  turmeric  powder  is  sutti- 
Siently  indicated  by  the  greenish  coloiu:,  more  or  less  intense,  exhibited 
by  it  when  first  removed  from  the  fire. 
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CHAPTER  XXXVI. 
LIQUORICE  AND  ITS  ADULTERATIONS. 

DEFINITIOX  OF  ADULTERATION. 

Any  added  substance,  vegetable  or  mineral 

:!the  hquonce  plant  las  been  <'Xt<>mhdy  !StLM  Zthi^2t^J'J' 

3onstituents  are  not  given  CS\^^^Li  l  JT    \  ^ 

U^ne  as  ^^^^^^^^^^ 

^  ■'^o^'^nT::^^  of  thechen^icaladultera- 

-  -portions  of  the  W^af  n4di^^^^^^^^  acquainted  with  the 

>  50sed,  we  instituted  in  the  fi  -^f  f.^liich  that  article  is  com- 

^owder,  and  thr5!4r/  ^       ''^'^"^^  ^""^^^'^^  °f  the  roo^,  the 

The  following  is  the  composition  of  100  parts  of  the :_ 
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The  Fresh  Boot. 


Glycvrrhizin   8'60 

Gum'   26-60 

Matter  soluble  in  alcohol,  chiefly  resin       .  -75 

Albumen   "97 

Starch   22-91 

Woody  fibre   13-36 

Moisture   26-81 

Ash,  3-07  per  cent.   

Total      .  100-00 


Tlie  analysis  of  100  parts  of  the  undecorticccted  poxoder  furaislied  the 


following  results  : — 

The  Powder. 

Glycvrrhizin   10-40 

Gum"   43-30 

Mntter  soluble  in  alcohol,  chit-fly  resin .      .  1-09 

Albumen   1-50 

Starch   24-41 

Woody  fibre   15-20 

Moisture   4-10 


Total      .  100-00 


The  analysis  of  the  decorticated  powder  furnished  nearly  similar 
results  ' 

The  Decorticated  Powder. 


Glycvrrhizin   13-00 

Gum'   37-10 

Eesin    ........  "80 

Albiimen   1'80 

Starch   29-52 

Woody  fibre   16-58 

Moisture   1'20 


100-00 

Five  hundred  parts  of  the  fresh  root  furnished  175  parts  of  extract ; 
while  the  same  quantity  of  the  powder  of  the  dried  root  gave  275  parts 
of  exttact.  Lastly,  100  parts  of  this  extract,  dried  at  a  teuiperatui-e  of 
100°  0.,  yielded  "l9-3  parts  of  liquorice  sugar,  and  80-3  parts  of 
matter  insoluble  in  alcohol,  and  which  consisted  chiefly  of  gum  with  a 
little  alhumen. 

When  pm-e  and  genuine,  extract  of  liquorice  is  entirely  soluble  in 

water.  . 

As  will  be  shortly  apparent,  the  above  analyses  fm*nish  some  useful 
data,  by  which  the  quality  of  the  different  kinds  of  liquorice  may  be 
judged  of. 

Glycyrrhizin  may  be  thus  obtained.  The  filtered  and  concentrated 
aqueous 'infusion  of  the  root  is  treated  with  dilute  sulphuric  acid. 
This  occasions  a  dark  brown  precipitate,  which  is  washed  with  water 
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uutil  it  is  quite  free  from  sulphuric  acid.  It  is  then  dissolved 
repeatedly  in  alcohol  of  specific  gravity  0-844.  Small  quantities  of 
ether  are  now  added  to  the  not  too  concentrated  solution  as  long  as  a 
dark-coloured  resinous  suhstauce  is  precipitated.  The  filtrate  on  eva- 
poration deposits  the  glycyrrhizin. 

It  is  a  yellow,  amorphous,  non-fermentable  substance,  possessing  a 
sweet  taste  ;  sparingly  soluble  in  cold,  but  easily  soluble  in  hot  water, 
soluble  in  cold  alcohol  and  in  warm  ether.  It  is  also  soluble  in 
alkalies,  and  is  precipitated  from  these  solutions  by  acids,  in  an  excess 
of  which  it  is,  however,  partially  dissolved. 

By  boiling  with  dilute  sulphmic  and  other  acids  it  is  decomposed, 
glyqirrhetin  and  glucose  being  formed. 

Its  solution  is  precipitated  by  chloride  of  barium,  sulphate  of  mag- 
nesia, sulphate  of  copper,  and  basic  acetate  of  lead. 

Asparagin  may  be  obtained  from  liquorice  root  as  follows  : — The 
root,  after  being  cut  into  pieces,  is  exhausted  with  water.  The  solution 
is  boiled,  mixed  with  acetic  acid  to  separate  the  glycyiThizin,  and  then 
with  acetate  of  lead,  malate  and  phosphate  of  lead  being  thrown  down, 
together  with  colom-ing  matter.  The  excess  of  lead  is  removed  by 
sulphuretted  hydrogen,  the  filtered  liquid  evaporated  to  a  small  bulk, 
when,  after  a  few  days,  crystals  of  asparagin  will  become  deposited. 


STRirCTTJEB  OP  liaTJORICE, 

The  general  structure  of  liquorice  root  is  very  distinctive  ;  the 
elements  of  which  it  consists  are  bundles  of  looochj  fibre,  cellular  tissue, 
dotted  ducts  or  vessels,  and  starch  corpuscles.  These  elements  are  thus 
aiTang-ed : — 

In  transverse  sections  of  the  root,  a  linear  zone  is  observed, 
usually  distant  from  the  circumference  about  the  third  of  the  thick- 
ness of  the  root.  The  part  of  the  root  loithout  the  zone  is  traversed 
by  bundles  of  woody  fibre,  united  together  by  cellular  tissue ;  that 
within  the  zone  is  traversed  by  numerous  dotted  ducts  or  vessels 
as  well  as  by  bundles  of  woody  fibre  ;  while  the  cells  of  the  cellular 
tissue,  which  forms  the  basis  of  the  root,  aa-e  filled  with  starch 
corpuscles  (figs.  197,  198  and  199). 

These  starch  corpuscles  are  very  characteristic ;  they  are  oval  and 
small,  and  in  many  of  them  the  central  cavity  of  an  elono-ated  form  is 
visible  (fig.  199). 

The  ivoody  fibre  does  not  present  anything  remarkable  in  its 
structiure ;  the  central  cavity  is  well  marked.  In  sections  of  the 
older  roots  medullary  rays  may  be  seen.  The  several  structural 
peculiarities  of  liquorice  root  are  aU  clearly  exhibited  in  the  drawings 
above  referred  to.  ° 

The  yellow  colouring  matter  of  the  root  is  situated  almost  entirely 
in  the  bundles  of  woody  fibre,  and  in  the  walls  of  the  dotted  ducts. 
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Pig.  197. 


Transverse  section  of  root  of  Liquorice,  showing  the  dotl/'d  ducts,  the  bundles  of 
woody  fibre,  and  the  connecting  cellular  tissue.   Magnified  40  diameters. 
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THE  ADTOTERATIONS  OP  IIQTJOEICE. 

Having  thus  described  the  chemical  composition  and  the  structure 
of  liquorice  root,  the  subject  of  the  adulteration  of  liquorice  may  next 
he  considered. 

Fig.  198. 


Longitudinal  section  of  LiQUoniCE  Root.  Magnified  40  diameters. 


On  consulting-  the  works  of  different  writers  on  adulteration,  we 
have  met  with  the  following  observations  relating  to  liquorice : — 

Accum  states  that  Spanish  liquorice  'is  frequently  nothing  else 
than  a  mixture  of  the  worst  kind  of  (/urn  arable,  called  Indian  or 
Barhary  gum,  imported  chiefly  for  making  shoe  blaclring.  A  solution 
of  the  genuine  Spanish  liquorice  jtiice  is  mixed  with  a  solution  of 
Barhary  gum ;  and  the  mixture,  after  being  inspissated  to  a  proper 
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consistence,  is  again  made  up  into  cylindrical  rolls,  which,  whilst  still 
moist,  are  covered  with  hay  leaves,  and  repacked  in  chests  to  resemble 
in  every  respect  the  genuine  Spanish  liquorice  juice  imported  from 
Catalonia.' 


Fi?.  1!)9. 


Transverse  section  of  Liquorice  Root,  magnified  220  diameters,  exhibiting  dotted 
ducts,  two  bundles  of  woody  fibre,  the  cellular  tissue,  and  the  starch  corpusaes. 
The  loose  starch  grains  are  magnified  400  diameters. 

Brande,  in  his  'Dictionary  of  Materia  Medica  and  Pharmacy,' 
published  in  1836,  remarks  as  follows  :—  ^  f 

'  The  chief  consumption  of  liquorice  is  in  the  preparation  ot  tne 
extract  which  is  imported  from  the  South  of  Eui-ope  under  the  name 
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of  Spanish  juice  ;  it  is  usually  burned  aud  otherwise  carelessly  pre- 
pared aud  adulterated,  and  often  contains  copper,  derived  from  the  pans 
in  which  the  decoction  of  the  root  is  evaporated.' 

iM.  Che^•alier  states  that '  liquorice  is  often  falsified  by  starch  and 
a  large  proportion  of  inert  powders.  It  has  also  been  falsihed  by  an 
extract  which  gives  it  the  taste  of  hay. 

'  It  contains  likewise  metallic  copper,  removed  mechanically  from 
the  pans  of  that  metal  in  which  it  is  prepared.  But  it  does  not 
contain  salts  of  copper,  a  conclusion  which  results  from  many  experi- 
ments made  by  M.  Villain.' 

'  Liquorice/  writes  Pereira,  '  as  met  with  in  commerce,  however, 
is  rarely  piu-e.  It  contams  the  soluble  principles  of  the  root  with 
some  copper  scraped  oif  the  boiler  by  the  spatula  employed  to  stir  the 
extract  dm-ing  its  preparation.  Fee  says  that  four  ounces  of  this 
extract  yield  two  drachms  and  a  half  of  metallic  copper but  there 
must  be' some  great  mistake  in  this  statement.  K  the  foreign  extract 
be  dissolved  in  water,  and  the  solution  filtered  and  inspissated,  we 
obtain  rejined  liquorice.  But  I  am  informed  that  the  refined 
liquorice  is  a  very  adulterated  article.  The  Pontefract  lozenges  are 
made  of  refined  liquorice,  and  are  much  esteemed.' 

Results  of  the  Examination  of  Samples. 

We  will  now  proceed  to  state  the  results  of  our  own  examinations 
and  analyses  of  liquorice,  premising  that  genuine  extract  of  liquorice 
should  dissolve  in  water  without  leaving  any  residue,  aud  therefore 
ought  not  to  contain  starch  ;  that  it  should  yield  from  about  90 
to  'nearly  100  parts  of  extractive  matter,  according  to  the  state  of 
dryness  "in  which  it  may  happen  to  be  at  the  time  of  analysis  ;  this 
extractive  matter  should  fiu-nish  from  75  to  85  per  cent,  of  matter 
insoluble  in  alcohol,  chiefly  gum;  and  fi.-om  10  to  15  per  cent,  of 
saccharine  matter  or  liquorice  sugar. 

The  analyses  of  thirty-four  samples  of  liquorice,  including  the 
different  varieties  of  roll  aud  pipe  liquorice,  and  Pontefract  lozenges, 
carefully  considered,  furnish  some  important  results. 

Thus  it  appears  that  the  gum  of  the  diiferent  kinds  of  roll 
liquorice  varied  from  65'5  to  3-3-5  grains  per  cent.  ;  of  the  saccharine 
matter  from  14-9  to  8'9  per  cent.,  part  of  this  in  some  cases  consisting 
of  cane  sugar ;  of  the  extractive  from  75*9  to  47'1  per  cent. 

Of  the  pipe  liquorice,  that  the  gum  varied  fi-om  22*7  to  45-9  per 
cent. ;  the  sugar  from  19-6  to  ll'O,  the  greater  part  of  this  consisting 
of  cane  sugar;  and  the  extractive  from  57"1  to  43'7  per  cent. 

Of  the'  Pontefract  lozenges  the  gum  ranged  from  31'5  to  25'7  ;  the 
sugar,  partly  cane  sugar,  from  18"1  to  13'1  ;  and  the  extractive  from 
45-9  to  43-8  per  cent. 

It  further  appears  from  the  analyses  that  the  whole  of  the  roll 
liquorice  furnished  insoluble  residues,  varying  in  amount  from  18*50 
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to  42-00  per  cent.  In  twelve  cases  these  residues  consisted  of  hoiled 
starch,  probably  rice  (the  starch  present  in  the  different  samples  of 
Solazzi  and  Baracco  extract  was  always  of  this  kind) ;  in  seven 
samples  of  wheat  Jlour,  in  one  of  potato  starch,  and  in  one  of  wheat 
Jlour  and  rice. 

That  the  j«/»e  liquorices  likewise  furnished  insoluble  residues,  for 
the  most  part,  in  still  larger  amounts  than  the  roll  liquorice  ;  thus  the 
smallest  residue  weighed,  after  being  dried  on  a  water-bath,  34-5  and 
the  largest  41 '0  per  cent.  In  five  cases  this  consisted  of  toheat. 
Jlour,  in  one  of  rye  flour,  and  in  one  of  potato,  rice,  and  wheat  flours. 
In  live  cases  a  small  part  of  this  residue  consisted  of  gelatin,  the 
pipes  being  furnished  with  a  distinct  tube  of  that  substance. 

Lastly,  that  the  Pontefract  lozenges  fm-nished  residues  consisting  of 
wheat  flour  (subject  to  the  action  of  heat),  which  varied  in  amount 
from  36'5  to  39"0  per  cent. 

The  ash  of  the  different  samples  of  roll  and  pipe  liquorice  and  Pon- 
tefract lozenges  varied  from  2"o0  to  16  per  cent.,  and  consisted  in 
several  cases  of  foreign  mineral  matter ;  this  in  one  instance  amounted 
to  13  per  cent.,  and  was  composed  of  carbonate  of  lime,  or  chalk.  The 
ashes  of  the  pipe  liquorices  in  two  or  three  cases  were  so  deeply 
coloured  as  to  lead  to  the  suspicion  that  some  coloured  mineral  earthy 
substance  had  been  employed  to  increase  their  weight. 

It  is  thus  evident  that  the  different  kinds  of  roll,  pipe  liquorice,  and  i 
Pontefract  lozenges  are  subject  to  very  extensive  adulteration,  this  in 
some  instances  amounting  to  nearly  one-half  the  article. 

As  a  rule,  the  pipe  liquorice  and  Pontefract  lozenges  contain  a  larger 
amount  of  foreign  starchy  matter  than  even  the  inferior  descriptions  of 
roll  liquorice.  Many  of  the  pipe  liquorices  are  in  addition  furnished  , 
with  a  thick  coating  of  gelatin ;  this  is  sometimes  of  the  worst  qua- 
lity and  but  little  superior  to  glue.  The  best  way  to  exhibit  the  tube 
of  gelatin  encasing  the  pipes  is  to  place  them  in  cold  water  ;  the  pipes 
will  swell  up  and  increase  to  two  or  three  times  their  original  size ; , 
when  in  this  state,  the  gelatin  may  be  easily  removed. 

The  ingTedients  employed  in  the  adulteration  of  the  descriptions  of ! 
liquorice  above  refeiTed  to  consist,  then,  of  starch  of  various  kinds,  as  ■ 
tcheat,  barley,  rye,  rice  flours,  and  potato  starch,  either  separately  or  in : 
combination;  cane  sugar,  gelatin,  and  foreign  mineral  ^natter,  as  car-- 
bonate  of  lime. 

Although  not  immediately  connected  with  the  object  of  this  article, 
we  yet,  when  engaged  in  the  analysis  of  liquorices,  thought  it  desirable 
to  determine  how  frequently  and  to  what  extent  the  samples  werei 
contaminated  with  cojjper.  We  detected  that  metal  in  thirteen  of  the: 
twenty-one  roll  liquorices  examined,  in  greater  or  lesser  amount ;  the 
quantities  in  three  of  the  samples  were,  for  the  100  parts,  "8,  •25,  '30 
of  a  grain.  Traces  of  copper  were  found  in  only  one  of  the  pipe  liquo- 
rices, and  in  none  of  the  Pontefract  lozenges. 

We  will  now  pass  on  to  state  the  resiilts  of  the  examination  of  the: 
extract  of  liquorice  of  the  Pharmacopceia. 


LIQUOKICE  AND  ITS  ADDLTERATIONS. 


611 


Tm  samples  of  extract  of  liquorice  were  examined  ;  four  of  these 
dissolved  neai-ly  without  residue,  and  were  genuine  ;  the  remainder  of 
the  samples  deposited  insoluble  residues  amounting  to  3,  13,  17,  9,  7, 
18-5  and  33  per  cent,  respectively.  In  four  cases  they  consisted  of 
hoiled  starchy  matter,  and  in  one  instance  of  starchy  matter  and  (/elatm. 

The  sample  containing  the  gelatin  ftu-nished  only  65-5  per  cent, 
of  extract,  and  the  insoluble  residue  amounted  to  17  per  cent.,  thus 
leaving  18  per  cent,  for  moisture,  which  large  quantity  the  liquorice 
was  partly  enabled  to  retain,  in  consequence  of  its  admixture  with 
gelatin. 

It  is  evident  from  the  nature  and  quantities  of  the  insoluble 
residues  that  the  adulterated  samples  of  extract  of  liquorice  consisted 
of  the  foreif/n  extract  melted  down. 

The  compilers  of  the  Pharmacopoeia  were  doubtless  led  to  prescribe 
a  form  for  the  preparation  of  a  genuine  extract  of  liquorice  by  the 
knowledge  of  the  fact  of  the  adulteration  of  the  foreign  extract.  _  We 
thus  perceive  to  what  an  extent  the  regulations  of  the  Pharmacopoeia  are 
evaded  in  this  case.  In  further  illustration  of  the  extent  to  which  the 
Pharmacopoeia  in  this  and  doubtless  in  many  other  articles  is  disre- 
garded, we  may  mention  that  we  were  only  able  to  procure  the  Pharma- 
copceial  extract  at  about  one-third  of  the  chemists'  shops  at  which  we 
enquired  for  it.  In  one  case,  although  we  particularly  requested  to 
be  fm-nished  with  the  true  extract,  some  of  the  foreign  extract  was 
coarsely  powdered  while  we  waited,  and  handed  to  us  as  the  article  we 
enquired  for,  and  for  which  we  were  made  to  pay  twice  the  usual  price. 

In  the  next  and  last  place,  we  vnU  proceed  to  state  the  results  of 
the  examination  of  numerous  samples  of  poivdered  Uqum-ice. 

Of  tioenty-eight  samples  of  liquorice  in  poivder  subjected  to  exami- 
nation, eleven  roere  adulterated.  Of  these  one  consisted  chiefly  of  ^oheat 
Jlour,  another  contained  a  large  quantity  of  woody  Jihre,  two  contained 
much  foreign  woody  Jibre,  two  ivoody  fibre  and  turmeric,  another  zvoody 
Jihre  and  wheat  flour,  one  was  made  up  chiefly  of  Indian  corn,  potato 
and  sago  flours,  and  txirmeric,  another  of  sago,  woody  fibre,  and  much 
turmeric,  another  of  East  Indian  airowi-oot  and  a  little  turmeric,  and 
another  consisted  almost  entirely  of  potato  flour,  a  little  wheat  flour, 
and  turmeric.    Some  of  the  samples  likewise  contained  cane  sugar. 

We  stated  at  the  commencement  of  this  paper  we  believed  it  would 
be  found  that  liquorice  afforded  an  example  of  a  system  of  adulteration 
which  extended  to  other  and  more  important  articles  of  the  Materia 
Medica.  We  wiU  now  adduce  some  evidence  to  show  that  this  is  really 
the  case. 

It  has  been  ascertained  that  some  wholesale  druggists  prepare,  and 
they  nearly  all  keep,  what  are  known  in  the  trade  as  compound  pmvders. 
One  of  these  is  liquorice,  the  gemune  powder  being  distinguished  as 
Pulvis  Glycyrrhizse  Verus. 

Other  compound  powders  are  those  of  turmeric,  gentian,  fenugreek, 
aniseed,  cumin,  and  elecampane. 
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ft  "^i^^^r  ?/  turmeric,  gentian,  and  fenugreek  are  usiiaUy  prepared 
alter  the  lollowiug  receipts,  or  acme  modifications  of  them  :  


1  lb. 

1  lb. 

2  lbs. 


Turmeric  Powder.  Gentian  Powder. 

Yellow  ochre     .      .lib.  Gentian  . 

Turmeric  ...    1  lb.  Linseed  . 

Wheat  flour     .       .    2  lbs.  Wheat  flour 

Cape  aloes       .  grs. 

Fenugreek  Powder. 
Fenugreek,  D).  iss. 
Tunneric,  3  xii. 
Wheat  flour,  lb.  iii. 

This  custom  is  defended  on  the  plea  that  no  deception  is  practised 
and  that  these  powders  are  sold  as  compound  articles.  This  mav  be 
so  as  between  the  wholesale  and  retail  dealers  in  drugs,  but  it  assuredly 
is  not  the  case  as  between  these  parties  and  the  medical  profession 
and  the  public  ;  tbe  liquorice  powders,  the  extensive  and  varied  adul- 
teration of  which  we  have  just  described,  were  sold  simply  as  liquorice 
and  no  acknowledgment  whatever  was  made  even  in  a  single  instance' 
of  their  compoimd  character. 

It  is  evident  that  the  practice  of  making  and  selling  these  com- 
pound powders  is  most  objectionable ;  it  indicates  a  laxity  of  principle, 
both  on  the  part  of  the  wholesale  and  retail  dealers  in  drugs,  and  it  is 
clear  that  the  medical  profession  and  the  public  are  by  it  seriously 
imposed  upon. 

It  is  affirmed  that  it  is  as  cattle  medicines  that  these  compounds 
are  used.  Although  tliis  is  the  case  to  some  extent,  yet  it  is  verv  cer- 
tain that  they  are  not  thus  exclusively  employed  ;  besides,  whv  should 
these  adulterated  powders  be  thrust  down  the  throats  of  cattle"? 

We  have  now  shown  that  liquorice  in  all  its  forms  and  varieties  is 
subject  to  an  enormous  amoimt  of  adulteration,  and  that  various  sub- 
stances are  employed  for  that  pm-pose. 

Thus  it  has  been  shown — 

That  the  whole  of  tbe  foreign  extracts  or  roll  liquorices  were  adul- 
terated, some  to  the  extent  of  nearly  50  per  cent. 

That  the  whole  of  the  pipe  liquorices  examined  were  also  adul- 
terated, some  of  them  not  containing  one-third  their  weight  of 
liquorice. 

That  the  Pontefract  lozenges  likewise  contained  but  little  liquorice. 

That  of  the  samples  of  the  extract  of  liquorice  of  the  Pharmacopoeia, 
one-half  were  adulterated ;  these  for  the  most  part  consisting  of  the 
foreign  extract  melted  down. 

Lastly,  that  a  large  proportion  of  the  powdered  liquorices  examined 
were  adulterated,  many  of  them  containing  only  as  much  liquorice  as 
was  necessary  to  impart  the  flavour  of  the  genuine  powder. 

Of  the  adulterations  discovei-ed  in  roll  liquorice,  some  are  practised 
by  the  foreign  preparers  of  the  extract,  while  others  are  the  work  of 
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parties  nearer  home.  It  is,  we  believe,  not  uncommon  for  the  foreign 
extract  to  he  melted  down  after  its  arrival  in  this  country,  for  the 
purpose  of  subjecting  it  to  further  adulteration.  In  some  cases  the 
adulterating  ingredients,  as  flovu-  and  chalk,  are  so  clumsily  mixed  with 
the  liquorice,  that  particles  and  masses  of  these  substances  may  be 
detected  by  the  naked  eye  alone,  and  may  be  picked  out  with  a 
penlmife. 

The  adulterations  of  pipe  and  powdered  liquorice  described  were 
no  doubt  eHected  in  this  coimtry. 

Fig..  200. 


Liquorice  Powder,  adulterated  with  Turmeric  and  JSast  Indian  arrowroot. 
(Magnified  220  diameters.) 


Of  the  ingredients  employed  in  the  adultemtion  of  liquorice,  some 
are  themselves  liable  to  adulteration.  This  is  the  case  with  the  tur- 
meric used,  which  we  have  found  to  be  adulterated  to  the  extent  of 
nearly  20  per  cent,  with  yelloio  ochre. 

THE  DETECTION  OF  THE  ADtTLTEEATIONS  OF  LiaUOEICE. 
Since  most  of  the  adulterations  of  liquorice  consist  in  the  addition 
of  vegetable  substances  of  different  kinds,  the  microscope  affords  the 
chief  means  for  their  discovery. 
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The  claaracters  of  toheatjlour,  turmeric  and  East  Indian  arimoroot 
have  already  heeu  described  and  delineated  in  woodcuts;  the  ap- 
pearances presented  by  liquorice  powder  adulterated  with  the  two  last 
named  substances  are  also  exhibited  in  fig.  200. 

The  chief  chemical  adulterations  practised  are  those  with  sufiar 
and  chalh.  The  process  for  the  detection  and  estimation  of  the  last  is 
pointed  out  under  the  head  of  '  Tea/  while  for  the  detection  of  cane 
sugar  in  liquorice  powder  we  may  proceed  as  follows : — 

Add  about  50  cc.  of  cold  water  to  15  grammes  of  the  powder ; 
filter,  and  evaporate  on  a  water-bath  at  a  gentle  heat.  If  cane  sugar  be 
present  it  will  crystallise  as  the  evaporation  draws  near  to  an  end,  and 
if  now  a  little  sulphm-ic  acid  be  added,  the  residual  mass  will  imme- 
diately become  chan-ed.  Sulphuric  acid  does  not  carbonise  liquorice 
sugar  or  glycyrrhizin,  but  forms  with  it  a  chemical  compound  or  sul- 
phate. 

Glycyrrhizin  and  cane  sugar  may  be  thus  separated  from  each 
other :  add  excess  of  basic  acetate  of  lead  to  a  strong  filtered  infusion 
of  the  powder,  remove  the  lead  held  in  solution  by  means  of  sulphu- 
retted hydrogen,  filter,  evaporate  ou  a  water-bath,  and  when  dry  weigh 
the  residue,  which  consists  of  cane  sugar. 

Or  the  glycyrrhizin  may  be  removed  from  the  powder  or  the  extract 
by  means  of  warm  ether.  "The  residue,  containing  the  cane  sugar,  may 
be  converted  into  glucose  by  boiling  with  dilute  sulphuric  acid,  and 
the  glucose  estimated  by  means  of  the  copper  test. 
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CHAPTER  XXXVIL 


ANNATTO  AND  ITS  ADULTERATIONS. 


DEFINITION  OF  ADULTERATION. 

In  cake  and  roll  annatto,  any  foreign  vegetable  or  mineral  substance,  and 
in  solutions,  any  foreign  vegetable  or  mineral  substance  other  tban  the  alkali 
necessary  to  the  solution  of  the  annatto. 

The  next  article  which  falls  under  oiu-  consideration  is  annatto ;  this, 
!  though  not  employed  as  food,  is  yet  added  to  several  articles  of  con- 
:  sumption,  and  it  therefore  becomes  of  interest  to  ascertain  whether  it 
I  IS  subject  to  adulteration  or  not. 

Annatto  is  the  colouring-  matter  obtained  from  the  seeds  of  a  plant 
!  named  Btva  orellana,  L.,  and  which  forms  the  type  of  the  small  uatu- 
r  ral  ov^qv  Bixinece.  It  is  a  native  of  South  America,  the  West  and 
li,ast  Indies  ;  but  the  ai-ticle  annatto  is  chiefly  prepared  in  Brazil  and 
( Cayenne. 

The  tree  is  an  evergreen,  and  the  seeds  are  enclosed  in  pods,  the 
colouring  matter  being  situated  on  the  outside  of  the  seeds. 

It  appears  that  two  different  processes  are  pursued  in  order  to 
>separate  the  coloiu-ing  matter.  According  to  the  ordinary  process,  the 
^  seeds,  after  bemg  removed  from  the  pods,  are  bruised  and  ti-ansferred 
t  to  a  vat,  when  they  are  mixed  with  as  much  water  as  covers  them 
mere  they  ai-e  left  for  several  weeks  or  months.  '  The  substance  thus 
'Obtamed,  Dr.  Ure  states,  'is  now  squeezed  through  sieves,  placed 
i above  the  steeper,  that  the  water  containing  the  colouiino-  matter  in 
^  suspension  may  retiu-n  into  the  vat. 

'  The  residuiun  is  preserved  under  the  leaves  of  the  Anuana  Cpine- 
•.apple  ti-ee)  till  it  becomes  hot  by  fermentation.  It  is  then  ao-aiu  sub- 
j.jected  to  the  same  operation,  and  this  treatment  is  continued  until  no 
".more  colom*  remains. 

'  The  substance  thus  extracted  is  passed  throug-h  sieves,  in  order 
t.to  separate  the  remamder  of  the  seeds  ;  and  the  colour  is  allowed  to 
^subside.  The  precipitate  is  boiled  in  coppers  until  it  is  reduced  to 
-■shadr'  ^^^"^  to  cool,  and  is  dried  in  the 

_  The  second  process  is  that  recoimnended  by  Leblond.  He  proposes 
vamply  to  wash  the  seeds  until  they  are  entirely  deprived  ol'colom-, 
-to  precipitate  the  colounug  matter  by  means  of  vinegar  or  lemon 
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juice,  and  to  boil  it  up  in  the  ordinary  manner,  or  to  drain  it  in  bags, 
as  is  practised  witli  indigo.  The  annatto  prepared  in  this  way  is 
said  to  be  four  times  as  valuable  as  that  made  according  to  the  lirst- 
described  process. 

It  does  not  appear  from  either  of  these  descriptions  that  anything 
is  added  to  the  annatto  except  water.  This  is  important  with  refer- 
ence to  its  adulteration. 

Before  proceeding  to  enter  upon  the  question  of  the  adulteration  of 
any  article,  tlie  first  step  necessai-y  is  to  make  oneself  acquainted 
with  its  properties  and  charactei-istics ;  and  if  the  substance  be  vege- 
table, it  is  reqiiisite  that  we  should  determine  its  structure  by  means 
of  the  microscope.  We  thus  obtain  certain  fixed  data  or  standards 
of  comparison  from  which  to  start. 


STRUCTtTEE  OP  THE  SEED  OE  AKNATCO. 

Subjecting  the  seeds  of  annatto  to  examination  with  the  microscope, 
■we  find  that  their  outer  or  red  portion  does  not  exhibit  any  very  de- 
finite structure,  that  the  surface  of  the  seed  proper  consists  of  nan-ow 
or  elongated  cells  or  fibres,  vertically  disposed  ;  while  the  inner  white 
portion  consists  of  cells  filled  with  numerous  starch  corpuscles,  well 
defined,  of  medium  size,  and  resembling  in  form  and  in  the  elongated 
and  stellate  hilum  the  starch  granules  of  the  pea  and  bean  (fig.  201)_. 

In  genuine  manufactiu-ed  annatto  but  little  structm-e  is  met  with ;  m 
portions  of  the  outer  cells  are  however  seen— as  well  as  in  those  speci- 
mens which  in  the  com-se  of  their  prepai-ation  have  not  been  sulj- 
jected,  as  they  usually  are,  to  the  action  of  boiling  water— a  few  of  the 
starch  corpuscles. 

Annatto  is  used  by  dyers,  paintera,  soap-makers,  and  to  colour 

milk,  butter,  and  cheese. 

By  dyers  and  soap-makers  it  is  frequently  pm-chased  tor  use  m 
the  state  m  which  it  is  imported,  these  parties  adding  the  alkali  as  a 
solvent  as  they  use  it ;  in  these  cases  it  does  not  pass  through  the 
hands  of  the  English  so-called  manufacturers  at  all.  In  other  cases 
the  manufacturers  re-prepare  it  in  the  several  forms  of  roU,  cake, 
orange,  black,  and  fluid  annattos. 

COMPOSITION  OF  ANNATIO. 

The  pulp  surrounding  the  unfermented  fresh  seeds  was  found  by 
Dr  John  to  consist  of  28  parts  of  coloiu-ing  resinous  matter,  26-5  of 
veoetable  gluten,  20  of  ligneous  fibre,  20  of  colouring,  4  of  extractive ' 
matter  formed  of  matters  analogous  to  vegetable  gluten  and  exti-ac-  ■ 
tive,  and  a  trace  of  spicy  and  acid  matters.  •     i    ,  i 

The  colovu-ing  matter  is  soluble  in  water,  but  more  so  m  alcohol 
and  alkalies.  The  latter  change  its  colom-  somewhat  from  red  to 
orange.  When  annatto  is  used  as  a  dye,  it  is  cut  m  pieces  and  boiled: 
in  a  copper  with  crude  pearl  ashes. 
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On  subjecting'  the  seeds  of  annatto  to  examination,  we  obtained  an 
ash  which  weighed  4'80  per  cent.,  and  which  was  nearly  white, 
with  here  and  there  a  faint  tinge  indicating  the  presence  of  a  mere 

Pig.  201. 


taining  starch  corpuKles.  ^  ^    '  °^  ^^"^^  l^foP"'  con- 


'^^ll^'"^'^  «^  *-o-d  only  very 

.  8in:iIli\esxUt'^         ^''^  ^'''^^'^      examination  nearly 

These  results  may  therefore,  as  we  shall  see  more  fiUly  hereafter, 
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be  taken  as  representing  to  some  extent  the  proper  weight  of  the  ash 
of  genuine  anuatto,  and  of  the  iron  and  alumina  which  it  usually 
contains. 

THE  ADULTERATIONS  OF  ANNATTO. 

There  is  scarcely  an  article  with  which  we  are  acquainted  sub- 
jected to  so  large  an  amount  of  adulteration,  and  this  of  the  grossest 
possible  description,  as  annatto. 

"  The  substances  employed  are  various,  some  of  them  bemg  organic 
and  others  inorganic. 

The  organic  adulterations  which  we  ourselves  have  detected  are 
those  -ndth  turmeric,  nje,  barley,  and  loheat  flours. 

The  inorganic  adulterations  observed  by  us  are  as  follow:  with 
stdijhate  of  lime,  carbonate  of  lime,  salt,  alkali,  an  oily  substance,  pro- 
bably soap,  red  ferruginous  earths,  mostly  Venetian  red,  red  lead, 

and  coiyper.  ■,  j 

The  employment  of  large  quantities  of  flour  and  oi  lime  so  reduces 
the  colour  of  the  annatto  that  it  becomes  necessaiy  to  have  recourse  to 
salt,  alkalies,  and  the  red  earths,  to  restore  it  to  something  approach- 
ing- its  natural  standard.  . 

The  eliect  of  salt  in  heightening  the  intensity  of  vegetable  reds  is 
well  known,  and  hence  its  use. 

The  lead  detected  was  probably  introduced  into  the  annatto 
throuo-h  the  Venetian  red  used. 

At  first  we  were  disposed  to  regard  the  copper  m  annatto  as  an 
accidental  impurity  -,  there  is  good  reason  for  believing  that  it  is  piir- 
poselv  added  to  prevent  the  annatto  from  becoming  attacked  with 
funo-i,  and  to  which  it  is  so  prone,  in  consequence  especiaUy  of  its 
admixture  with  such  large  quantities  of  flom-  and  salt.  The  salt,  by 
attracting  moisture,  hastens  the  decomposition  of  the  flour. 

Results  of  the  Examination  of  Satnjdes. 
The  foUowino-  results  were  obtained  from  the  examination  of  thirty- 
four  samples  of  annatto  of  all  Mnds  as  imjwrted,  as  obtained  from 
English  manufacturers,  and  as  purchased  from  dealers  :— 

1  That  of  the  thirty-four  samples  of  amiatto  of  aU  kinds  examined, 

t2V0  only  were  genuine,  and  were  entirely  free  from  adulteration  ; 
these  being  two  red  cake  anuattos  as  imported. 

2  That  the  whole  of  the  remaining  samples  consisted  of  mixtures  m 

various  proportions  of  one  or  more  substances,  these  amounttug 
in  many  cases  to  one-half,  and  in  so7ne  instances  to  even  tico-thtrds 
of  the  entire  specimcm.  ,    .     ,  j. 

S  That  of  the  two  samples  of  black  annatto,  obtained  from  manu- 
■      factm-ers,  one  furnished  a  highly  ferruginous  ash,  which  was  very 
alkaline,  and  amounted  to  32-50  per  cent.,  and  which  consisted 
of  an  alkali,  some  chalk,  and  a  red  ferruginous  earth ;  while  the 
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second  yielded  au  ash  that  weighed  36'36  per  cent.,  which  was 
still  more  ferruginous,  and  consisted  of  alkali  and  some  red  earth. 

4.  That  of  the  foiu'  samples  of  orange  cake  annatto,  obtained  from 

manufacturers,  one  fiu-nished  an  ash  which  amounted  to  62-00 
per  cent.,  and  which  consisted  chiefly  of  chalk,  with  a  trace  of 
lead ;  the  ash  of  the  second  sample  weighed  57'72  per  cent.,  and 
also  consisted  principally  of  chalk  ;  the  third  sample  contained  a 
large  quantity  of  turmeric  and  a  little  loheat  flour;  the  ash 
amounted  to  44-4  per  cent.,  and  consisted  of  chalk  and  some  red 
earth ;  while  the  ash  of  the  fourth  sample  weighed  63 -00  per 
cent.,  and  was  composed  chiefly  of  chalk. 

5.  That  of  the  two  samples  of  red  cake  an^iatto,  procm-ed  from  manu- 

facturers, one  contained  a  very  large  quantity  of  wheat  flour,  and 
yielded  17-12  per  cent,  of  ash,  which  consisted  of  salt  and  some 
red  earth ;  the  other  also  contained  a  very  large  quantity  of  wheat 
flour,  and  furnished  14-26  per  cent,  of  ash,  consisting  chiefly  of 
salt  and  souiQ  fenniginous  earthy  colouring  matter. 

^'  ■^j*^^^  samples  of  orange  cake  aimattos,  purchased  of 

different  retail  dealers,  one  yielded  67-80  per  cent,  of  ash,  which 
consisted  pi-incipaUy  of  chalk  :  a  second  contained  a  very  large 
quantity  of  turmei-ic,  and  gave  au  ash  which  weighed  36-56  per 
cent.,  and  which  was  composed  of  chalk  and  a  red  ferruginous 
earth ;  the  third  contained  the  starch  of  sago,  the  ash  weighing 
58-46_per  cent.,  which  was  composed  chiefly  of  chalk ;  the  fourth 
contained  a  very  large  quantity  of  turmeric,  and  yielded  40-30 
per  cent,  of  ash,  composed  of  chalk,  fermginous  earth,  and  a 
little  salt;  while  the  fifth  gave  69-12 "per  cent,  of  ash,  which 
consisted  principally  of  chalk  with  traces  of  lead. 

7.  That  the  samples  of  red  roll  annatto  nearly  all  contained  laro-e 
quantities  of  either  wheat,  barley,  ur  nje /owr— usually  the  latter, 
to  the  extent  of  30  and  even  over  40  per  cent. ;  much  salt 
and  some  red  fen-uginous  earth,  as  Vernetian  red,  red  ochre,  ot 
reddle. 

Reviewing  then  the  results  of  the  microscopical  and  chemical  ex- 
amination of  the  Thirty-four  samples  of  annatto,  it  appears  that  laro-e 
quantities  ot  turmei-ic  were  present  in  thi-ee  samples  ;  xvheat  or  barley 

■  J:"}":  1°  jo^^  and  rye  flour  in  nine,  the  majority  of  these  samples  con- 
taimng  fidl  foi-ty  per  cent,  of  flom- ;  that  chalk  was  present  in  a  great 
many  cases,  frequently  to  the  extent  of  fifty  and  even  over  sixty  per 
cent.,  sulphate  of  lime  in  at  least  five  cases,  a  red  ferruginous  earth  in 
a  gi-eat_many,  an  alkali  in  several,  salt  in  many,  lead  in  five  cases,  and 

■  copper  m  at  least  fom-  samples. 

The  iron  and  alumina  amounted  in  some  cases  to  near  three  and 
:  Z^'l-  °y^^  fi^.^  P^^.  c?nt.    Had  aU  the  samples  been  examined  quan- 
matively  for  iron,  it  is  probable  that  still  larger  amounts  would  have 
Deen  met  with,  as  the  worst  cases  were  not  specially  selected  for 
exammation.  ^ 
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In  two  of  the  five  samples  in  which  lead  was  detected,  the  quan- 
tity was  not  weighed,  and  is  described  as  traces  only,  while  in  the 
other  thi-ee  samples  the  quantities  amounted  to  -30,  -50,  and  to  1-20 
per  cent. 

Mr.  Hog-g,  the  author  of  the  '  Treatise  on  the  Microscope,  has  also 
examined  some  samples  of  annatto,  and  found  them  to  be  adulterated 
with  rye  and  harley  flours,  tumieric,  salt,  red  earth,  and  carbonate  of 

Lastly,  the  following  analyses  by  Dr.  Bemays  embody  the  results 
of  the  chemical  examination  of  the  ashes  of  five  samples  of  annatto 
fm-nished  him  by  the  author  : — 

No.  1. 

Ash  of  100  parts,  weighed  62-40,  which  was  composed  of— 

Carbonate  of  lime  37-88 

Sulphate  of  lime  8-82 

Alkaline  sulphates  4-34 

Chloride  of  sodium  6-42 

Iron  and  alumina  2-14 

Lead,  traces,  sand,  &c  2-80 

62-40 


No.  ; 

parts, 


Ash  of  100 
13-70  :— 

Chloride  of  sodium 
Sulphate  of  lime 
Iron  and  alumina 
Sand,  &c.  . 


weiehed 


No.  3. 

parts,  weighed 


Ash  of  100 
17-20  :— 

Chloride  of  sodium 
Sulphate  of  lime 
Iron  and  alumina 
Sand,  &.C.  . 


6-87 
4-12 
1-40 
1-31 

13-70 


9-30 
4-00 
-90 
3-00 

17-20 


No.  4. 
parts, 


Ash  of  100 
13-95  :— 
Chloride  of  sodium 
Sulphate  of  lime 
Iron  and  alumina 
Sand,  &c.  . 


weighed 


No.  5. 

parts,  weighed 


Ash  of  100 
62-26  :— 

Carbonate  of  lime 
Sulphate  of  lime . 
Cliloride  of  sodium 
Iron  and  alumina 
Sand,  &c.  . 


4-31 
.')-92 

1-  32 

2-  40 

13-95 


42-00 
8-84 
6-56 
3-20 
1-66 

62-26 


From  what  has  already  been  stated,  it  will  be  apparent  tiiat  the 
whole  of  the  above  five  samples  were  adulterated,  chiefly  with  chalk, 

ffvtjsum,  salt,  iron,  and  lead.  x   ^i  i. 

The  presence  of  lead  in  annatto  has  been  detected,  not  only  by 
ourselves,  but  by  Accmn,  MitcheU,  Bernap,  and  Noinnandy  _ 

Aocvm,  at  page  276  of  his  '  Treatise,'  has  wi-itten_to  this  e^ect 
Several  instances  have  come  under  my  knowledge  m  which  Glou- 
cester cheese  has  been  contaminated  with  red  lead,  and  has  produced 
serious  consequences  on  being  taien  into  the  stomach.     In  one 
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poisonous  sample  which  it  fell  to  my  lot  to  examine,  the  evil  had 
been  caused  by  the  sophistication  of  the  anuatto  employed  for  coW 
ing  clieese.  Ibis  substance  was  found  to  contain  a  portion  of  red  lead  ' 
Accimi  then  goes  on  to  quote  the  particulars  of  a  case  recorded  by  a 
Mr  ot  Cambridge  :-A  gentleman,  after  partalring  of  some 

I  ll' ^"^^^  '"'•''^°^'>  ^'^^  ^otl^  times 

made  ill  by  it.  The  matter  was  referred  to  the  manufacturer  of  the 
cheese,  who,  on  enquiry,  ascertained  that  the  anuatto  which  had  been 

''''''  '^^^""'^^ ^^''^^'^'^"^  ^ot^ 

■  iSo^^^i*'?^^^  '  Treatise  on  the  Falsification  of  Food,'  published 
m  1648,  s  ates  page  23l:-'I  have  frequently  examined  spedmenrof 
riTdl^tht!'  '^^^  tedUh  I-ed  lead  or  a=  of 

Las%,  Dr  Normandy,  in  his  'Commercial  Handbook  of  Chemical 
Analysis,'  writes   'Unfortunately  as  annatto  is  very  often  Tdul 
terated  with  red  lead,_orwith  both  red  lead  and  oc4,  the  use  of 

f^of^Z^fli  T""!^^'       ^^^"^^       MitcheU,  testify  to  the 

fact  of  the  presence  of  lead  in  amiatto  and  cheese  of  their  own  w! 

ifltJ  Normandy  does  so  or  nS,  oTwhXr 

he  merely  repeats  the  statements  of  others  on  the  subiect  N^TZ 
is  no  evading  the  evidence  of  the  first  two  witnesses.  ^ 

We  would  further  observe  that,  in  some  of  the  samples  examined 
the  mgredients  wei^  so  badly  mixed  that  in  some  instaL  we  Sed 
out  httle  masses  o  the  substances  added,  as  of  the  different  Mnds  of 
flom-  used,  turmeric,  chalk,  and  red  earth.  ^uneient  lands  of 

Now  the  maniifactm-ers  of  anuatto  will  doubtless  ti-y  to  nersuadP 
us  and  perhaps  others  who  are  not  manufacturers  will  do  so^a  well 
•  S  "f,      substances  which  we  have  mentioned  are  introduced 

i  W  t°  ^'"^/^^     "^^'^  ««i^^We,  and  to  make  ?t  £ 

•  are  ready  to  admit  that  the  use  of  alkali  is  nerfifW 

j  justifiable^  to  render  it  more  soluble,  but  beyond  this  we  do  not  tn^ 
^  and  allowing  this  plea  of  improvement  to  have  all  thp  JJni  +  ^  \  ^  ' 
.possibly  belong  to'it,  enough  will  stTll  iemlTn  tf sho/thl^^^^^^^ 

With  respect  to  the  plea,  which  has  been  ur-ed  that  .nmp 
Uhua,  while  we  ha™  never  seen  a  sample  of  annatto  aa  imported  attaeSd 
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with  map^ots,  several  of  those  which  we  have  pm-chased  at  shops  were 
I?  and  in  consequence  of  the  large  quantity  of  salt  which  they  con- 
so ,  ana  in  ^"""''^1  ,     ^       ^.-^  an  extent  that  they  quickly 

S'e  stTlef  O^e^Icten  which  was  riddled  through  with  holes 
became  spoueu.  ilgi^ijed  12  per  cent.,  and  it  contained  lead  and 

A^otW  IweTone  of  those  sent  hy  Mr.  Hogg,  was  infested 
"'•il;  K^r.  HrvrSd  yet  this  contained  a  large  quantity  of  turmenc 
rowdei  stS  a  red  eaith-the  ash  amounting  to  24  per 

'"^  Some  of  the  samples  examined  did  not  contain  more  than  30  per 
borne  01  ''"^  .,„^^f.nnld  it  he  shown  that  the  reduction  of  annatto 
riif  eZmoi4  e^teXtt  however  it  certainly 

•s  S-theTit  cannot  he  denied  it  is  high  time  that  the  name  of 
ftrSld  he  ahandoned,  and  that  some  name  or  names  should  he 

rSof^:/rsS:CVt  0?  ...»  wM*  .  profe.es  to  be 

~''t{  ^"^ZfXh-  Wakley  who  gave  some  highly  interesting  and  im- 

It  consisted  01  ^-^n  ounces,  and  soft  soap  ten  ounces.  But 

oimces,  PO^df'«^.^™!^,rnrflacr  aL^^^  to  he  had,  an  additional 
frequently,  when  there  was  no  ^  ^Hch  I  do  not 

quantity  of  t^^nc^/^f      J^^^^^^  a  particle  of  amiatto. 

K  Vormtl^r^^^^  — - 

-^^^^fhTverw='w 

and  scandalously  adulterated.^^^^^^^^^^^^^^^^^^^^  ^^  ^^.^^  a  paper  hy 
At  the  meetmg^of  the  l^hamac^^^^^^        communicated,  some  years 
the  author  on  the  adulteration  of  anm^^^^^^ 

since,  Dr.  Tl^eophilus  Redw^^^^^^  PS  to  co'^^ntional  adulter/- 
of  Puhlic  Analysts,  whose  views  ^n  ^^^^.^ 

tions,  &c.  excited  ^^.^^'^^^^^^  ^T* 

srSdrim^^^^^^ 

H^dSed  that  annatto  was  adulterated,  on  the  gi-ound  that  it  was 
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SntSSt?;^  t™icwithannatto,the  fact  being  that 

tha/S  T"""^''  ? ^  cinnamon  was  adulterated,  and  aUe-ed 

that  cassia  was  as  dear  as  cinnamon  ;  also  that  arrowroot  was  not  adul- 

he  flatly  denied  that  spices  were  adulterated  in  any  decree  these 
assertions  being  unsupported  by  a  particle  of  proof.     ^     ^  ' 
_     V\  e  now  come  to  make  a  few  remarks  on  the  employment  of  amififfn 
iiJ  ITi^'^T  ''^r^^^^^^^  ^"tter,  but  principany^h^se  m Toidd 
theVctllal  m^^^^^^  apprehend,  that  danger  is  'often  likely  to  arL  fiSS 

toX^hts^rb^slu^^  "  ''^"^ 
cnnJ^^  Pi-actice  of  colom-ing  cheese  with  annatto  entails  however 
STon  tSr'  '^'^  ^^^^^      ^^^-^^^  ^«  really  SSul  pTpose 

cTte  thelSiSrS^w*     ^      ooMemned  ;  but  on  this  point ^w  S 

ot  using-  it  is  to  di«t!nlTo  i'+  +T,  i  .P"-".^Jiaser.  xhe  mode 
churning.'  immediately  before 

Mr  Stephens,  in  his  'Book  of  the  Farm  '  -nart  iii      9«h  i 
-cheese ;  luei  LS".S  iffiiS^^^!;??™- 

THE  DETECTION  OF  THE  iDOTmAnONS  OP  A„iTTO 

■maline  so  few  eviclsn^,,  «f  ^J™.         ?     mamifactiired  state  pre- 
%  n^L  Of  .he'Sj=;e:  ^me-;^-^  LI  oTt^!;^ 
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veo-etable  suljstances,  as  turmeiic  powder,  and  the  starch  of  wheat,  rye, 

'"iLTiSc^S,  to  the  action  of  the  salt  and  alkali  usuaUy  p-e- 

sei^triHn  t^^a^O^n^^^^^  - 
colouring  matter  ^  he  cells     ^^f^f     '  ^       ^^arch  granules  of 

eice;rthat-\hey  are  m^tch  increased  in  size  in  consequence  of  the 

action  of  the  alkali  iipou  them  (h-.  202).  described  in  the 

Tlnp  (>liaracters  of  turmeric  powder  will  be  iound  aescrioea  m  lue 
report  of  that  article,  while  the  characters  of  the  different  starches  are 

^^^l^^SSS^"p-ence  of  most  of  the  i^ryamo 
rrdJZdiZi^  in  many  cases  sufficiently  manifest  hy  the  appeamnce, 
StfaTSste  of  tL  ash.  Thus  the  weight  of  the  aBh  ^neraUy 
Sves  to  show  the  presence  of  sulphate  and  carbonate  of  hme  the 
no  nnr  the  nresence  of  the  red  earths;  and  the  taste,  the  ^It  and 
laU  ■  the  Se  ence  of  salt  can  indeed  generally  be  ascertained  by  the 
Lste  of  the\nnatto  itself.    Sometimes,  however,  a  quantil^tne  ex- 

'"^tein^r.^^^^^  for  which  amiatto  hastobe  tested  chemi- 

cally are  and  carbonate  of  lime,  <^-rlonate  ofjMa^  c^^^^^ 

nTIJn  chloride  of  sodium,  red  ferruginous  eaHhs,  lead  and  copper 

under  the  head  of  '  Tea.  ;„«„h,Mp  in  water  to  a  glass  flask. 
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aiunionia  ;  calculate  the  sulphuric  acid  into  sulphate  of  lime ;  if  there 
is  any  excess  of  lime,  calculate  it  into  carbonate  of  lime. 

We  have  now  only  to  estimate  the  alumina  and  iron,  lead,  and 
copper. 

For  the  determination  of  these  it  is  best  to  operate  upon  another 
portion  of  ash;  dissolve  with  heat  in  dilute  nitric  acid,  evaporate 
nearly  to  dryness,  dilute  with  water,  and  divide  the  solution  into  two 
portions. 

Fig.  202. 


Annatto  adulterated  with  turmeric.  Magnified  225  diameters,  a,  outer  part 
of  seed  ;  6,  starch  granules  ;  c  c,  cells  of  turmeric  ;  d  d,  fvee  starch  granules  of 
same,  but  much  altered  by  the  action  of  the  alkali. 

Estimate  the  iron  and  alumina  in  one  portion  in  the  manner  directed 
in  the  article  on  '  Tea.' 

In  the  other,  determine  the  copper  and  lead  quantitatively  as 
follows : — 

_  Separate  the  lead  from  the  copper  by  means  of  pure  dilute  sulphuric 
acid,  added  in  slight  excess  ;  the  precipitate  must  be  washed  first  with 
water  acidulated  with  sulphuric  acid,  and  finally  with  spirits  of  wine ; 
drj',  ignite,  and  weigh. 

Precipitate  the  copper  by  means  of  sulphuretted  hydrogen ;  collect, 
dry,  weigh,  and  calcidate  into  the  sulphate. 

8  8 
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Or  the  following  process  may  he  adopted  for  the  separation  of  the 
lead  -.—Mix  the  concentrated  nitric  acid  solution  with  hydrochloric  acid 
in  excess  ;  add  a  large  quantity  of  absolute  alcohol  mixed  with  some 
ether  ;  let  the  precipitate  subside,  filter  the  Huid  oft",  wash  the  precipi- 
tate with  alcohol  and  ether,  dry  it  at  a  gentle  heat,  and  weigh. 

The  following  process  for  detecting  and  estimating  minute  quan- 
tities of  oxide  of  copper  is  by  Mr.  Warington :— 

'  This  operation  depends  upon  the  solubility  of  the  ferrocyamde  ot 
copper  in  an  excess  of  a  solution  of  ammonia,  and  its  deposition  with 

Fig.  203. 


Annatto  adulterated  with  rye  flour.   Magnified  225  diameters. 

its  well-marked  characteristic  appearances  as  the  ammonia  evaporates. 
Thus,  supposing  a  frequently  occurring  case,  where  the  oxide  ot 
copper,  in  veiy  small  quantity,  is  in  solution  with  oxide  of  iron,  and 
that  these  metals  have  been  brought  to  their  highest  state  of  oxidation; 
ammonia  is  next  added  in  excess,  and  then  a  few  di-ops  of  a  solution 
of  the  ferrocyamde  of  potassium,  and  the  whole  thrown  upon  a  hlter. 
\8  the  ammonia  escapes  from  the  filtrate  by  standing  and  tree  ex- 
posure to  the  air,  the  red  ferrocyamde  of  copper  will  he  deposited, 
and  if  the  experiment  be  made  in  a  shaUow  white  porcelain  disH,  tne 
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result  will  be  very  distinct  and  characteristic,  and  on  carefully  de- 
canting the  tluid,  the  precipitate  will  he  found  ou  the  white  surface. 
In  many  cases,  the  process  of  filtration  may  be  dispensed  witli  alto- 
gether, as  the  suspended  peroxide  of  iron  does  not  in  the  least  inter- 
fere with  the  deposition  of  the  ferrocyanide  of  copper  from  the  solution. 
I  have  found  this  test  gives  unerring  indications  in  cases  where  no 
trace  of  blue  colour  coidd  be  distinguished  in  the  ammoniacal  solution, 
and  where  no  precipitation  could  be  procured  by  hydrosulphimc  acid 
gas  or  the  action  of  a  voltaic  cii-cuit. 

'  When  organic  colouring  matter  is  present,  this  form  of  test  is  also 
very  useful,  as  in  vinegars,  &c.' 


s  s  2 
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CHAPTER  XXXVIII. 
VINEGAR  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTEKATION. 

Free  sulphuric  acid  beyond  the  quantity  allowed  by  law,  or  any  other  mineral 
acid  or  vegetable  acid,  excepting  acetic  acid,  derived  from  the  manufacture  of  the 
viiekar.  Water  in  8uch  proportion  as  to  reduce,  the  acetic  acid  to  below  3-o  per 
len?  It  is  questionable  whether  it  would  not  be  well  that  the  law  should  be 
abolished  which  allows  of  the  addition  of  1  part  of  sulphuric  acid  in  1,000  parts 
of  vinegar. 

Acetic  acid  is  the  volatile  principle,  to  the  presence  of  which,  diluted 
with  variahle  proportions  of  water,  vinegar  mainly  owes  its  aroma  and 

^'^TMracid  exists,  ready  formed,  in  notable  quantity  in  certain  plants, 
as  Samhucus  niger  or  blcwh  elder,  Fhomix  dactyhfera  or  Date  tree,  and 

^^Ttt^  Wadily  generated  by  the  fermentation  of  various  vege- 
table and  animal  substances,  especially  the  tormer. 

ror  commercial  purposes  it  is  made  from  certain  vegetable  and 
8pii-ituous  infusions,  as  those  of  the  grape,  malt,  and  the  sugar  cane  ; 
S  any  vegetaWe  iAfusion  capable  of  yielding  alcohol  wiU  also,  when 
exposed  to  the  necessary  conditions,  furnish  vinegar._  In  most  cases 
when^ne-ar  is  manufactured  on  a  large  scale,  the  ^-inous  or  alcohol  c 
fcmenrtion  precedes  the  acetous,  aad  the  is  formed  eutu-ely 

'''K^i:'^t^.t:t;r..^  directly  from  the  vapour  of  ci.de 
alcohol  or  spSits  of  wine  in  contact  with  the  atmosphere,  either 
by  means  of  an  ignited  platinum  wire,  or  of  the  black  powder 
oLw  b;  boiling  protolchlonde  of .  plat^uum  and  po^sh  wjth 
nloohol  In  Germany,  where  the  pnce  of  alcohol  s  veiy  low, 
vineoar  has  been  manufactured  on  a  large  scale  on  this  prmciple. 
The%™cis  will  be  found  described  at  page  368  of  '  Food  and  its 

"^■^Sin  conditions  are  either  essential  to  acetification,  or  else  pro- 
mote Sy  the  rapidity  of  the  process-  thus  the  presence  of  «-;»  o- 
^Z-io  air  or  oxyc^^  is  one  of  the  conditions  indispensable  to  the 
change  the  reason  of  which  will  appear  from  what  foUows 

OoiiLmon  or  ethylic  alcohol,  O.HeO,  by  the  absoi-ption  of  2  atoms 
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of  oxyo'en  from  the  air,  yields  acetic  acid,  O^llfi^,  and  one  molecule 
of  water.  This  process  takes  place  in  two  stages.  Fia'st  one  atom  of 
oxygen  deprives  the  alcohol  of  2  atoms  of  hydrogen,  aldehyde,  GMfi, 
being  iormed.  This  in  its  turn  absorbs  1  atom  of  oxygen  and  yields 
directly  acetic  acid ;  usually,  however,  especially  vt^hen  the  access  of 
air  IS  limited,  a  portion  of  the  aldehyde  escapes  oxidation  into  acetic 
acid.  But  in  most  cases  small  quantities  of  acetic  ether  and  other 
volatile  substances  are  produced,  giving  to  the  vinegar  much  of  its 
liavour  and  aroma. 

Such  are  the  changes  of  alcohol  into  acetic  acid. 

It  is  therefore  evident  that  much  of  the  success  of  any  process 
adopted  for  the  manufacture  of  vinegar  will  depend  upon  the  manner 
in  which  the  mother  liquor  is  exposed  to  the  atmosphere-  that  is, 
upon  the  constant  renewal  of  the  air,  and  the  extent  of  surface  ex- 
posed to  Its  action,  the  conversion  of  alcohol  into  acetic  acid  taMna; 
place  only  on  the  surface  of  the  liquid. 

A  second  condition  which  greatly  faciHtates  acetification  is  the 
presence  of  9,  ferment. 

In  vegetable  inftisions,  as  those  of  the  grape  and  malt,  the  nitro- 
genised_  principles  contained  in  them  act  as  the  ferment.  Vineo-ar 
itselt,  vinegar  yeast,  lees,  beer  yeast,  leavened  brSad,  and  many  other 
similar  matters,  are  capable  of  exciting  fermentation,  and  so  promotino- 
the  generation  of  acetic  acid.  Experience  has  shown  that  the  best 
lerment  for  inducing  the  transformation  of  alcohol  into  acetic  acid  is  a 
portion  ot  ready-made  vinegar  itself. 

A  third  condition,  which,  though  not,  like  the  former,  essential,  vet 
greatly  hastens  the  conversion,  is  an  increased  temperature,  var^ine- 
considerably  m  different  cases,  but  being  often  about  38°  C 

_  When  any  spirituous  liquor  is  exposed  under  the  conditions  re- 
quisite  tor  acetification,  the  following  phenomena  are  observed  to  occur 
:  m  succession. 

However  clear  the  liquid  may  have  been  at  first,  it  quicldy  becomes 
turbid ;  cun-ents  or  movements  are  soon  visible  in  it :  it  is  said  in 
.  common  language,  to  be  '  on  the  work.'    Slimy  particles  coUect'on 
the  surface,  gradually  forming  a  scum,  which,  after  a  time,  falls 
=  as  a  sediment  to  the  bottom.    The  Germans  call  this  scum  '  vinegar 
.  mother  since  it  is  capable  of  exciting-  acetification  in  fresh  portions 
.  01  liquid     During  the  process  the  temperature  of  the  Hquid  rises,  and 
1  the  peculiar  aroma  of  vinegar  becomes  difiiised  in  the  surrounding 
au- ;  as  soon  as  all  the  alcohol  has  become  converted  into  acetic  acid" 
•  the  emperature  falls  to  that  of  the  atmosphere;  thrltion  cea^ 
'  wmpS  its  conversion  into  vinegar  is 

ddivS«^!fT°*fiH°'^'  of  vinegar  may,  according  to  their  source,  be 
■  but  ocS.^  r'1f    " -f ' ^f^'*'        W  and  wood  vinegars. 
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Malt  vineaar  —An  infusion  of  malt  is  prepared  in  tlie  same  way  as 
tlie  She  brewing  of  heer-namely,  by  exhaustmg  the  crushed 
rualt  ^th  successive  quantities  of  water,  which  l^^s  Pre^J^-^^.^ 
heated  to  about  70°  0.^  The  solution  is  aUowed  to  coo  to  about  25  C, 

\  inn  ,ranr,Tiq  from  3  to  4  gallons  of  yeast  are  added. 
^""^T^^lfZ^^niX  dilerent  methods  of  the  further  treat- 
Mf,  did  Formerly  it  was  filled  into  casks  which  were 
Xc  d  in  rows'  n  an  o;en  Lid,  which  were  aUowed  to  remam 
there  for  many  weeks,  until  the  acetification  was  complete  This  pro- 
n^TSldino  was  be<run  in  the  early  months  of  the  year,  and 
cess,  The  casks  are  tiUed  from  the  top 

r^etrhS^Sby  tat  pipe.    After  the  completion  of 

?be  acet  Son,  the  casks  are  emptied  by  means  of  a  syphon  into  a 
Irouofl^^^^^^^  and  the  liquid,  is  pumped  by  means  of  steam 

1  to  the  brewhouse  and  into  the  re/minc/  casks  These  casks  are  filled 
?ith  St 'iks  and  skins  of  grapes,  or  4ith  wood  shayings,  straw,  or  spent 
and  thH-inegar  isdlLed  to  filter  several  times  through  these 
Substances  By  this  process  the  vinegar  is  freed  from  mtrogeno^ 
Sattexs  and  revered  c'lear  and  bright.  It  is  then  pumped  into  vats, 
wliPre  it  remains  until  it  is  tiUed  into  casks  for  sale. 

The  otSr  meth'od  of  acetification  of  the  wort,  which  has  now 

^bout  28  to  30°  0.  are  filled  to  about  one-third  of  their  capacity  with 

s^'.!S%-s:-s.-J-:iz^:;'^^ 

''''Mflfvdnec.ar  prepared  by  either  of  the  above  described  processes 
otte  prin,,  .Bd        ^t,tSK*a  ThU^^^         of  inferior  ,u.litj 
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made  to  the  remaining  liquid.  Large  quantities  of  cream  of  tartar  are 
in  the  coui-se  of  time  precipitated  upon  the  inner  surface  of  the  casks. 
It  has  heen  observed  that  the  formation  of  acid  is  hastened  by  slio-ht 
continual  motion.  " 

The  caslcs  used  at  Orleans  are  capable  of  holding  about  400  pints  of 
wine,  which  is  mostly  used  when  it  is  about  a  year  old,  as  old  wine, 
having  lost  its  uitrogenised  constituents,  does  not  so  readily  undero-o 
acetihcatiou.  ° 

Wine  vinegar  is  of  com-s^  either  white  or  red,  according  to  the 
colour  of  the  wine  from  which  it  is  prepared.  It  is  superior  to  the 
other  kinds  of  vinegar,  it  containing  all  the  flavour  and  aroma  of  the 
wine  from  which  it  has  been  made. 

Wine  vinegar  is  sometimes  flavoured  by  the  addition  of  wine,  the 
presence  of  the  alcohol  inci-easiug  its  aroma  and  pungency. 

Too  great  reliance  must  not  be  placed  upon  the  presence  of  bitartrate 
of  potash  m_  vinegar  as  a  proof  that  the  vinegar  is  really  made  from 
wme,  as  this  salt  is  not  uncommonly  added  to  other  descriptions  of 
vinegar,  especially  sugar  vinegar ;  it  is  even  added  sometimes  to  malt 
vinegar. 

Suffar,  beet,  and  cider  vinegars.— Vmegar  is  frequently  prepared 
on  &  large  scale  from  the  above  substances,  as  also  occasionally  from 
fruits  other  than  the  apple,  as  pears,  gooseberries,  currants,  &c  The 
vinegar  made  from  apples,  pears,  and  other  fruits  is  distinguished  bv 
the  presence  of  malic  acid. 

Dr.  Stenhouse  has  even  recommended  the  use  of  seaweed  for  the 
manufactiu-e  of  vinegar.  This,  when  subjected  to  fermentation  with 
the  addition  of  lime,  yields  acetate  of  lime,  which  may  be  deco  nposed 
with  sulphuric  acid,  thus  furnishing  a  more  or  less  pure  acetic  acid. 
_  Distilled  mnegar.—Ej  submitting  wine  or  malt  vinegar  to  distilla- 
tion, the  acetic  acid  and  all  the  volatile  constituents  are  obtained  in 
the  distillate,  which  is  known  as  distilled  vinegar.  It  should  be  re- 
membered, however,  that  the  vinegar  thus  obtained  is  always  weaker 
than  that  from  which  it  is  derived,  and  this  because  the  boilintr-point 
ot  vinegar  is  higher  than  that  of  water.  The  distilled  vine^-ar  of  wine 
olten  contains  a  small  quantity  of  alcohol. 


The  Vinegar  Fungus. 

A  very  pure  and  wholesome  vinegar  may  also  be  prepared  from  a 
solution  of  sugar  or  treacle,  fermented  by  the  agencv  of  a  fungus  termed 
the  mnegar plant.  ' 

We  were  favoured  some  years  since  by  Mr.  Fletcher,  surgeon,  of 
Broms^ove,  with  the  following  particulars  in  reference  to  the  vinegar 

I  ^ad  a  young  vinegar  plant  sent  me,  with  the 
following  directions:-" Put  the  plant  in  an  earthen  jar,  add  to  it 
halt  a  pound  of  the  coarsest  moist  sugar,  and  half  a  pound  of  treacle 
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with  five  pints  of  milk- warm  water ;  cover  it  lightly  over,  so  as  to 
keep  out  the  dust,  but  not  the  air,  and  then  put  it  in  a  moderately  warm 
place ;  there  let  it  remain  seven  weeks,  not  disturbing  it  more  than  you 
can  help.  At  the  end  of  that  time  pour  off  what  is  now  the  clear 
viueo-ar  and  keep  it  in  well-corked  bottles  for  use.  Again  add  to  the 
plant  the  same  quantity  of  water,  sugar,  and  treacle,  as  before.  At 
the  end  of  the  second  seven  weeks,  the  plant  will  have  become  like 
two  thick  pancakes,  and  they  maybe  easily  divided,  care  being  taken 
not  to  tear  the  old  or  new  plant.  If  the  plant  is  exposed  to  the  cold, 
or  kept  too  long  out  of  the  liquid,  it  will  become  black  and  die."_ 

'  I  herewith  send  you,'  continues  Mr.  Fletcher,  '  a  sample  of  vinegar 
thus  manufactm-ed.  Should  the  sample  be  worthy  of  your  attention, 
I  will  send  you  a  larger  quantity  of  vinegar,  a  young  plant,  and  a 
sample  of  pickles  made  with  this  kind  of  vinegar.' 

In  a  second  letter  Mr.  Fletcher  writes :—' The  plant  I  have  was 
ffiven  me  early  in  the  winter,  and  it  not  only  has  suppbed  me  with 
several  young  plants  for  friends,  but  vinegar  enough  to  last  me  for 

^"^^  We  have  been  given  to  understand  that  vinegar  plants  are  sold  in 
lar<^e  numbers  by  the  chemists  in  Manchester  and  the  surrounding 
to^s,  and  that  vinegar  is  made  in  considerable  qiiantities  by  means  of 
this  ftmo-us.  We  also  know  that  since  the  publication  of  the  tact 
that  vinegar  may  be  thus  prepared,  many  persons  have  been  led  to  try 
this  plan,  and  for  the  most  part  with  very  satisfactory  results. 

The  Quick  Vinegar  Process. 

The  knowledge  of  the  fact  that  atmospheric  air  is  indispensable  to 
acetification  led  to  the  adoption  in  this  coimtry  and  in  Germaiiy  of  what 
has  been  termed  the  quick  vinegar  process,  by  which  the  liquid  to  be 
converted  into  vinegar  is  kept  constantly  m  motion  m  a  divided  state, 
and  thus  a  large  surface  is  continually  exposed  to  the  action  ot  tHe 

""^Tome  years  since  we  had  the  opportunity  of  seeing  this  improved 
process  in  full  operation  at  the  vinegar  manufactory  of  Messrs.  HiU-, 
Evans  &  Co.,  of  Worcester,  and  more  recently  at  those  of  Messrs.  blee, 
Slee  &  Co.,  and  Messrs.  Crosse  &  Black-weU.  i  ^i^;„„ 

The  process  is  conducted  in  large  vats  capable  of  each  holding 
from  6,000  to  10,000  gallons  of  wash  ;  each  vat  is  half  fiUed  with  the 
Hquid  to  be  acetified,  and  the  upper  half  with  bmidles  of 
as  are  in  general  use  for  brooms  or  besoms.  The  pimip  m  the  centre 
elevates  the  liquor,  and,  by  means  of  its  rotative  motion,  disperses  it 
in  a  shower  over  the  stiface  of  the  bed  of  bkch,  and  m  descending 
through  the  same  it  is  met  by  a  small  ascending  current  of  atmospheric 
ak  which,  coming  in  contact  with  the  multiphed  sm-faces  of  the 
iSuririckling  through  the  twigs,  speedily  acetifies  it ;  the  whole 
bTng  kep?  up  to  the  ploper  heat  by  a  steam-pipe  of  pure  tm  passing 
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tlirough  the  vat.  The  acetification  is  generally  completed  in  twenty- 
days,  but  varies  in  inverse  ratio  to  the  proportion  of  birch  to  the  wort 
to  be  acetified;  and  the  whole  operation,  mechanical  and  chemical, 
being  performed  by  steam,  no  manual  labour  of  any  kind  is  required 
save  the  occasional  inspection  by  the  manager  to  ascertain  when  the 
process  is  finished. 

In  place  of  the  birch  twigs,  wood  shavings  and  wood  charcoal  have 
sometimes  been  employed. 


Fit'.  204 


AcETiFrEB  Model, 

This  apparakis  is  capable  of  acetifying  any  fermented  liquor  what- 
eever  and  even  distiUed  spirit,  with  a  complete  control  over  any  waste 
Ihe  process  wiU  be  more  clearly  comprehended  by  an  exainination 
of  the  accompanying  engi-aving,  which  was  made  from  a  model  pre- 

Stln^  '  ^'^''''^  ^         '''''^  '^^"^ 

.  The  upper  circular  opening  in  the  side  of  the  vat  is  for  the  admis- 
:|ion  of  atmospheric  air  the  lower  is  the  termination  of  the  steam-pipe. 
It  should  be  mentioned  that  the  principle  of  the  process  was  dis- 
..overed  quite  mdependently,  and  about  the  same  time,  in  Germanv 
uana  in  this  country. 

Jfy,no^7!f'^^T''  "-C  "^-^t  <'<^dfrom  woorf.-BiUets  of  wood,  usually 
Ithose  of  the  oak,  ash,  birch,  or  beech,  are  subjected  in  retorts,  analogous 
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to  those  used  in  the  manufacture  of  gas,  to  destructive  distillation. 
Various  gases  and  volatile  compounds  are  thus  formed.  These  are 
passed  through  a  series  of  condensers,  v?hich  retain  the  water,. tar, 
methylated  spirit,  and  acetic  acid,  while  the  uncondensable  gases  are 
conducted  into  the  iire,  to  the  heat  of  which  they  contribute  by  theu- 
combustion.  The  liquid  in  the  condensers  is  distilled,  when  the 
methylated  alcohol  first  passes  over  and  then  the  acetic  acid,  together 
with  a  portion  of  the  tarry  matter  and  other  impurities,  the  object  of  ' 
the  subsequent  treatment  being  to  free  the  acid,  termed  in  its  un- 
purified  state  ptjroligneom  add,  from  these  contaminations. 

The  second  portion  of  the  distillate,  containing  the  crude  acetic 
acid,  is  neutralised  with  either  carbonate  of  soda  or  carbonate  of  lime. 
When  the  latter  is  used,  the  acetate  of  lime  formed  is  in  its  turn 
decomposed  bv  means  of  sulphate  of  soda,  readily  crystallisable  acetate 
of  soda  being  formed  and  sulphate  of  lime,  which,  for  the  most  part,  is 
deposited.  The  solution  is  now  concentrated,  when  the  acetate  of 
soda  is  obtained  by  crystallisation.  The  crystals  are  further  pm-ifaed 
by  solution  and  recrystaUisation.  »     ,  ,     •       •  j 

Lastly,  they  are  decomposed  by  the  addition  of  sulphuric  acid, 
sulphate  of  soda  being  formed,  and  the  acetic  acid  Uberated  and  ob- 
tained in  a  separate  form  by  distillation.  j    ,    r  i 

Another  process  which,  although  cheaper,  yields  a  product  ot  less 
pmity,  has  been  proposed  by  Volkel,  in  which  he  directly  saturates 
the  liquid  from  the  condensers  with  lime.  The  tar  is  separated  in 
part,  and  the  liquid,  after  concentration,  slightly_  acidulated  with 
hydrochloric  acid.  This  occasions  the  precipitation  of  a  further 
pori;ion  of  the  tarry  matter.  The  liquid  is  then  evaporated  to  dryness 
and  distilled  with  hydrochloric  acid,  acetic  acid,  contammated  with 
hydrochloric  acid,  passing  over.  This  latter  may  be  removed  by  the 
addition  of  a  small  quantity  of  carbonate  of  soda  and  redistillation. 

Properties  of  acetic  acid.— The  acid,  as  usuaUy  obtamedby  distilla- 
tion, is  more  or  less  mixed  with  water.  In  its  most  concentrated  form 
it  crystallises  at  or  below  15°  C.  in  prismatic  or  tabular  crystals  Its 
specific  gravity  in  the  solid  state  is  1100  at  8-5°  C.  It  melts  at 
16°  0  (Lowitz),  at  or  above  22-5  (MoUerat).  It  boils  at  119°  and, 
according  to  Kopp,  at  117-3°  0.  It  has  a  very  sour  taste  and  odour, 
blisters  !he  sMn,  and  acts  as  an  acrid  poison.  It  does  not  redden 
litmus,  unless  mixed  with  water.    The  vapour  is  inflammable  and 

burns  with  a  blue  flame.  <.  .i.      ■  +  «^ 

It  mixes  with  water  in  all  proportions,  the  density  of  the  mixture 
varying  with  the  amount  of  acid  contained  in  it.  It  also  mixes  freelv 
with  alcohol.    It  dissolves  resins,  gum  resms,  camphor,  and  essential 

"""^^'DiiTerent  qualities  of  vinegar. -^e^rlj  aU  vinegar  makers  supply  at 
least  four  diftlrent  strengths  or  qualities  of  ^anegar,  named  respectively 
Nos.  24,  22,  18,  and  16,  the  first  being  the  sti-ongest,  and  the  last  the 
weakest. 
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No.  24,  or  standard  vinegar,  as  it  is  termed,  has  frequently  its 
strength  increased  by  the  direct  addition  of  acetic  or  even  pyrolig- 
neous  acid. 

No.  22  is  in  most  cases  the  strongest  vinegar  really  manufactured ; 
the  other  and  weaker  kinds  being  prepared  from  this  by  the  addition 
of  certain  quantities  of  water. 

Further,  these  numbers  do  not  indicate  absolute,  but  merely  7-elative 
strengths,  so  that  the  vinegars  of  different  makers  having  the  same 
;  number  vary  considerably  in  the  amount  of  acetic  acid  contained  in 
I  them. 

It  is  thus  evident  that,  according  to  this  system,  much  inducement 
;  for  sophistication  on  the  part  of  retail  dealers  is  removed,  who,  if  they 
'  wish  to  be  supplied  with  a  poor  and  cheap  vinegar,  have  only  to  order 
:  a  cask  of  the  Nos.  18  or  16  vinegars  of  any  of  the  makers. 

It  is  generally  stated  that  good  vinegars,  such  as  all  Nos.  24  ought 
:  to  be,  should  contain  6  per  cent,  of  anhydrous  or  pure  acetic  acid. 

The  goodness  of  a  vinegar  is  indicated  to  some  extent  bv  its  specific 
.gravity.  No.  24  vinegar  of  good  quality  should  have  a  specific  gravity 
.  of  not  less  than  1022,  No.  22  of  1020,  No.  20  of  1019,  No.  18  of  1017, 
aand  No.  16  of  1015. 


THE  ADTJLTEEATIONS  OF  VIlfEGAE. 

The  principal  adulterations  of  vinegar  are  with  water,  sulphuric 
acid,  burnt  sugar,  and  sometimes  with  acrid  substances,  as  chillies  and 
■yrams  of  paradise,  and  also  with  acetic  and  pyroligneoxis  acids. 

The  water  is  added  to  increase  its  bulk,  sulphmic  acid  and  acrid 
^substances  to  make  it  pungent,  and  biu-nt  sugar  to  restore  the  colour 
lost  by  dilution. 

Some  of  the  vinegars  sold  at  small  hucksters'  shops,  and  at  oyster 
istalls,  consist  of  little  else  than  diluted  sulphuric  acid  and  water 
I'coloured  with  burnt  sugar. 

nA^?°T'  the  addition  of  one  pai-t  of  sulphuric  acid  to 

i  1000  of  vinegar,  and  it  is  only  when  the  quantity  exceeds  that  amount 
•.  that  It  can  be  considered  as  an  adulteration  :  and  this  it  verv  fi-e- 
i.quently  does. 

The  use  of  this  quantity  of  sulphuric  acid  was  permitted  on  the 
pplea,  urged  by  the  manufacturer,  that  it  was  necessary  in  order  to 
umake  the  vinegar  keep.  That  it  is  not  requisite  to  the  preservation 
'Ot  well-made  vinegar  is  shown  by  the  circumstance  that  several 
umanufactm-ers,  especially  those  who  make  use  of  the  quick  vineo-ar 
•process,  do  not  use  sulphuric  acid  at  aU  ;  and  yet  the  vinegar  made  by 
»ithem  keeps  perfectly  well.  ^ 

As  has  already  been  noticed,  the  same  practice  prevails  in  the 
larticle  vinegar  as  m  mastard ;  no  less  than  four,  and  even  hve  qualities 
)Dt  vinegar  are  made,  differing  only  in  strength;  the  consequence  of 
itthis  system  is,  that  if  you  buy  vinegar  at  several  different  shops,  it 
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will  te  found  that  some  of  the  yinefrars  will  contain  two  or  three 
times  less  acetic  acid ,  the  active  ingredient  of  the  vinegar,  than  others, 
although  the  same  price  is  paid  for  them  all.  This  system,  therefore, 
aflbrds  gi;eat  facilities  for  imposition. 

Very  commonly,  after  the  manufacture  of  the  vinegar  haa  been 
completed,  the  strength  is  brought  up  by  an  addition  of  acetic  acid. 
We  are  of  opinion  that  this  practice  is  to  be  regarded  as  an  adultera- 
tion. To  allow  of  this  addition  would  be  to  acknowledge  that  a 
mixture  of  acetic  acid  and  water  really  constitutes  vinegar,  which  is 
far  from  being  the  case,  since  genuine  vinegar  contains  extractive 
matters  of  diilerent  kinds  as  v^ell  as  certain  volatile  principles,  and 
which  aftect  both  the  aroma  and  the  Havour. 

Other  adulterations  described  in  books,  the  majority  of  which  are 
probably  of  imfrequent  occurrence,  consist  in  the  addition  of  nitric, 
hydrochloric,  and  tartaric  acids,  alum,  salt,  spurge  Jlax,  mustard,  pelli- 
tory,  and  long  pepper. 

Vinegar  is  not  unfrequently  contaminated  with  arsenic,  this  being 
introduced  through  the  sulphmic  acid  used  in  its  adulteration. 

'  You  get  arsenic,'  states  Mr.  Scanlan,  in  his  evidence  before  the 
Parliameutaiy  Committee  of  1855, '  in  oil  of  vitriol  to  a  great  extent. 
This  arises  from  the  employment  of  pyrites  instead  of  sulphur.  Oil  of 
vitriol  is  made  in  large  quantities  by  alkali  makers,  and  when  the 
price  of  sulphur  is  high  they  use  pyrites  instead  j  and  pyrites  almost 
invariably  contains  arsenic.  Irish  pyrites  contains  a  good  deal :  but 
I  have  understood  that  the  Cornish  pyrites  contains  still  more.  _  Some 
few  years  ago  I  found  an  enormous  quantity  of  it  in  sulphm-ic  acid 
here  in  London.  It  finds  its  way  into  mmiatic  acid  made  from  that 
sulphuric  acid,  or  in  the  manufacture  of  which  that  sulphmic  acid  is 
employed,  and  hence  it  may  be  very  mischievous.  A  mixture  of 
muriatic  acid  and  soda  has  been  used  in  bread,  and  I  have  seen 
mm-iatic  acid  containing  a  very  fearful  quantity  of  arsenic' 

Since  the  date  when  the  above  quotation  was  written,  the  manu- 
facture of  sulphuric  acid  from  pyrites  has  entirely  superseded  that 
from  sulphur. 

The  following  evidence  in  regard  to  the  use  of  corrosive  sublimate 
was  given  by  Mr.  Gay  before  the  same  Parliamentai-y  Committee : — 

'  Con-osive  sublimate  has  been  used  for  years  and  years  in  some 
houses,  and  not  a  cask  has  gone  out  without  a  certain  proportion  of 
corrosive  sublimate. 

'  Chairman.  Do  you  believe  that  corrosive  sublmiate  was  mixed 
v?ith  the  vinegar  in  injurious  proportions  ? 

'  I  do ;  it  was  done  to  give  strength  to  the  \inegar.  _  TMien  the 
D.  W.  and  0.  V.  have  been  used,  the  corrosive  sublimate  is  put  in  to 
give  it  a  tartness  again  in  the  mouth.  _ 

'  Chairman.  Are  these  technical  expressions  in  the  trade — 0.  V. 
for  oil  of  vitriol,  and  D;  W.  for  distilled  water  ? 

'  Just  so.    Corrosive  sublimate  is  called  "  the  Doctor." ' 


VINEGAR  AND  ITS  ADULTERATIONS.  637 

White  or  distilled  vineg-ar,  as  it  is  called,  is  usually  made  with 

I  water  and  acetic  acid,  what  is  sold  as  such  being  rarely  distilled 

RESULTS  OP  ANALYSES  01"  SAMPLES. 

The  chemical  analysis  of  thirty-three  samples  of  vinegar  purchased 
ot  vai'ious  tradesmen  resident  in  London,  furnished  the  followino- 
.  results : — 

II.  That  the  amount  of  acetic  acid,  the  most  important  constituent 
ot  vinegar,  varied  greatly  in  different  samples,  the  hio-hest  per- 
centage being  5-10,  and  the  lowest  2-29,  or  less  than  half  the 
iirst  amomit. 

:'2.  That,  since  the  standard  No.  24  vinegars,  submitted  to  analysis 
rano^edfor  the  most  part  considerably  over  fom-  per  cent.,  vinec>-ar 
to  be  deemed  good  ought  to  contain  certainly 'jjo^  less  than  four 
per  cent,  of  real  acid. 

^3.  Judged  by  this  standard,  out  of  twenty-three  samples  of  vine-ar 
purchased  of  dealers  in  London,  seven  reached  this  stren-th 
and  contained  from  four  per  cent,  upwards  of  acetic  acid  :  "the' 
percentage  of  seven  of  the  vinegars  ranged  between  three  and 
torn- J  while  in  the  remaining  nine  the  amount  of  acid  varied 
2^0  ard°2  29  ^"'""^     ^^"^  instances  as  low  as 

II  That  twelve  samples  out  of  the  thirty-three  analysed  contained  no 

free  sulphiu-ic  acid_a  fact  affording  convincing  proof  that  the 
use  of  this  acid,  so  objectionable  in  many  respects,  is  not  neces- 
sary  lor  the  preservation  of  well-made  vineo-ar 
That  m  eight  samples  the  quantity  of  sulphuric  acid  present  did  not 
exceed  the  amount  permitted  to  be  added. 
. .  That  in  the  remaining  cases  tie  amount  exceeded  this,  and  in  some 
instances  was  three  or  four  times  as  great. 

^''froZf'v^frtr'"'^^''  ™  entkelyfi-ee  fi-om  sulphuric  acid 
Th^t  etffhteen  ^evB  adidterated  with  that  powerful  mineral  acid 
the  amount  of  which  was  variable,  and  often  very  consider- 
able^^ from  -63,  the  lowest,  to  6-02,  the  highest,  quantity  inTooo 

Thll  iTff      '^fP^  •!  it     ^ery  smaU  quantity  only. 

That  in  three  samples  it  was  present  in  considerable  amount  ^ 
lhat  SIX  contained  it  in  very  considerable  amount. 

Th^t  TJT^^'^^^T  'f  "^^^        °*  ^^'S^^  quantity, 

lhat  the  acetic  acid  also  vaned  very  considembly  in  an^ount  in 
different  samples,  the  highest  proportion  being,  L  1000  parts  by 
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measure,  55-G6  parts,  or  6-56  per  cent.,  and  the  lowest.  27-03  or 
only  2-76  per  cent.  ' 

8.  That  in  eight  samples  the  acetic  acid  was  present  in  amount  over 

Jive  per  cent.,  which  is  above  the  standard  sti-ength. 

9.  That  in  twelve  samples  the  quantity  exceeded /our  per  cent. 

10.  Tliat  in  seven  it  was  over  three  per  cent. 

11.  That  in  one  the  quantity  of  acetic  acid  present  was  so  small  as  to 

be  under  three  per  cent. — that  is,  but  little  more  than  half  the 
proper  strength. 

The  sulphuric  acid  indicated  in  the  analyses  is  what  is  termed 
monohydrated  sulphuric  acid,  which  is  in  general  very  much  stron"-er 
than  the  commercial  acid  ;  every  part  of  the  former,  therefore,  coire- 
sponds  to  a  much  larger  quantity  of  the  latter. 

Again,  it  should  be  particularly  remembered  that  the  acidifying 
power  of  the  mineral  sulphiuric  acid  is  greater  than  that  of  the  vegetabk 
acetic  acid  ;  one  part  of  sulphuric  acid  acidifies  a  larger  quantity  of  a 
fluid  than  the  same  amount  of  acetic  acid,  so  that  the  sulphuric  acid 
present  m  vinegar  does  not  simply  take  the  place  of  a  similar  quantity 
of  acetic  acid,  but  represents  one-third  more  of  that  acid.  Besides, 
the  taste  of  sulphuric  acid  is  much  stronger  and  sourer  than  that  of 
acetic  acid. 

Contamination  with  Metals. 

As  in  the  preparation  of  acetic  acid  and  distilled  vinegar,  cop])er 
stills,  lead,  zinc,  or  tin  pipes  are  sometimes,  though  by  no  means 
commonly  used,  vinegar  is  occasionally  found  to  be  contaminated  to  a 
dangerous  extent  with  those  metals.  As  vinegar  is  capable  of  acting 
very  energetically,  in  the  course  of  a  few  minutes,  on  most  metals", 
their  use  in  its  manufactm'e  ought  to  be  strictly  prohibited.  Many 
fatal  accidents  have  resulted  from  the  impregnation  of  vinegar  with 
metallic  poisons.  The  metal  which  is,  however,  most  frequently  found 
in  vinegar  is  iron. 

In  order  to  avoid  any  risk  of  metallic  contamination  Messrs, 
Crosse  &  Blackwell  make  use  of  pipes  of  ebonite,  wherever  their 
employment  is  practicable. 

DETECTION  OF  THE  ADULTERATIONS  AND  IMPTrRITTES  OP  TINEGAr, 

One  means  which  may  be  adopted  of  ascertaining  the  quaUtA-  of  a 
vinegar  is  by  determining  its  specific  gravity;  this  may  be  done  either 
by  means  of  the  specific  gravity  bottle  or  of  the  ordinary  hydrometer, 
or  else  by  an  instrument  consti-ucted  on  the  same  principles  as  the 
galactometer  of  M.  Dinocoiu-t,  already  described.  The  ordinary  gravi- 
ties of  vinegars  of  the  several  qualities  are  stated  at  p.  635.  '  It  will 
frequently  be  found  that  the  vinegars  sold  at  the  shops  weigh  several 
degrees  less  than  even  No.  16  vinegar,  wliich  is  the  poorest  made,  and 
the  specific  gravity  of  which  is  usually  lOlo.  When  the  gravity  is 
below  this,  the  vinegar  is  unquestionably  adulterated  with  water. 
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On  the  determina/ion  of  the  acetic  acid  in  wne</ar.—The  quality 
of  a  vinegar,  and  whether  il  is  adulterated  or  not,  can  often  be  ascer- 
tained by  determining  the  amoimt  of  acetic  acid  present  in  any  sample  ; 
the  determination  is  effected  by  saturation  with  known  quantities  oi 
an  alkali.  ,  • 

The  acid  may  be  first  separated  from  the  other  constituents,  im- 
purities, or  adulterations  of  the  vinegar,  by  distillation  ;  bemg  volatile, 
ft  passes  off  on  the  appUcation  of  heat.  The  quantity  of  vinegar  to  bo 
employed  is  50  cc,  which  should  be  distilled  almost  to  dryness, 
the  acid  obtained  being  then  neutralised  with  alkali,  and  its  amount 
thus  determined. 

The  process  of  distillation,  however,  is  tedious,  and  does  not  admit 
of  easy  application,  except  in  the  laboratory  of  the  chemist.  More- 
over the  risk  is  incui-red  of  a  portion  of  the  acid  still  remaining  behind 
in  the  retort.  The  same  end  can  be  attained  by  a  different  method — 
thus  the  alkali  may  be  added  du-ectly  to  the  vinegar.  The  alkali 
usually  employed  is'  soda ;  it  may  be  used  either  in  the  form  of  the 
pure  crystals  of  the  carbonate,  the  recently-ignited  carbonate,  which 
is  preferable,  or  a  solution  of  caustic  soda.  The_  dried  carbonate  is 
prepared  by  igniting  the  crystallised  carbonate  in  a  crucible.  The 
whole  of  the  water  of  crystallisation  should  be  driven  off,  and  the 
white  powder  left  heated  to  redness. 

Weighed  quantities  of  the  soda  should  be  dissolved  in  Imown  bulks 
of  distilled  water.  A  convenient  quantity  of  this  solution  is  heated  to 
boiling,  so  that  the  carbonic  acid  evolved  on  the  addition  of  the  vinegar 
may  be  driven  off.  The  vinegar  is  now  gradually  added  from  a  burette 
until  the  reaction  is  exactly  neutral,  i.e.  until  neither  tiu-meric  is  turned 
brown,  nor  litmus  paper  red.  From  the  volume  of  vinegar  employed, 
and  the  quantity  of  carbonate  of  soda  used,  we  may  easily  calculate 
the  amount  of  acetic  acid  contained  in  the  vinegar. 

Or  50  cc.  of  the  vinegar  may  be  measured  into  a  beaker,  and  a  stan- 
dard caustic  soda  solution  added  to  it,  until  litmus  is  no  longer  tiu-ned 
red.  The  litmus  must  not  be  directly  added  to  the  liquid,  vinegar  being 
usually  so  deeply  tinted  as  not  to  allow  the  change  of  colour  to  be  seen. 
In  such  cases  litmus  paper  must  be  employed.  A  convenient  strength 
of  the  soda  solution  is  such  that  1000  cc.  of  it  are  capable  of  neu- 
tralising 60  grammes  or  1  equivalent  of  acetic  acid. 

Mr.  Mitchell,  in  his  treatise  on  '  The  Falsifications  of 'Food,'  states 
that  '  if  a  drop  or  two  of  pure  vinegar  be  placed  upon  blue  litmus 
paper,  the  latter  wiU.  be  reddened  ;  but  when  dried  before  a  fire,  the 
red  colour  disappears,  and  the  original  blue  again  presents  itself.' 
Although  the  above  statement  holds  good  in  respect  to  pure  acetic 
acid  and  its  solutions,  we  have  yet  found  that  the  redness  produced  by 
this  acid,  in  the  case  of  certain  pure  malt  vinegars,  is  not  dissipated  by 
the  degree  of  heat  which  is  employed  to  diy  the  litmus  paper,  but  on 
the  contrary  remains  fast. 

On  the  determination  of  sulphuric  acid  in  vinegar. — Sulphuric  acid, 
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as  we  have  said,  is  very  commonly  added  to  the  malt  and  other  vineg'ars 
prepared  in  this  country,  ostensibly  for  the  purpose  of  making  it  keep 
tetter,  but  also  unquestionably  to  augment  its  strength.^ 

We  have  already  expressed  doubts  as  to  whether  this  addition  is  at 
all  necessary  to  well-manufactured  vinegar,  since  many  makers  now 
dispense  with  it  altogether ;  as,  however,  the  law  has  allowed  of  the 
addition  of  a  certain  amount  of  sulphmic  acid,  the  presence  of  this  can 
hardly  be  treated  as  an  adulteration,  although  strictly  it  really  is  so. 
Bv  it  the  acidity  of  the  vinegar  is  not  only  increased,  but  the  cost  of 
the  article  much  reduced,  and  in  place  of  a  volatile  and  aromatic  acid, 
we  are  made  to  consume  a  harsh  mineral  acid,  having  none  of  these 
properties,  and  in  no  way  concerned  in  digestion.  _ 

Several  statements  are  contained  in  books  which  treat  of  adultera- 
tions, respecting  the  detection  of  sulphuric  acid  in  vinegar.  ITius,  it  is 

said: —  .  .  .        i  n    •  -j 

First.  If  a  pen  be  charged  with  vinegar  contaimng  sulphuric  acid, 
and  words  written  with  it,  when  dried  before  the  fire,  they  turn  black. 

Second.  When  such  vinegar  is  dropped  on  paper,  the  spots  also 
become  black  when  dried. 

Third.  That  towards  the  conclusion  of  the  evaporation  of  a  portion 
of  vinegar  containing  sulphm-ic  acid,  dense  fiunes  of  sulphurous  acid 
will  be  "evolved,  aud  the  residuum  charred. 

Fourth.  If  a  drop  of  the  vinegar  be  allowed  to  fall  into  a  hot  solu- 
tion of  cane  sugar,  an  intense  black  spot  will  instantly  appear,  resulting 
from  the  carbonisation  of  the  sugar.  .  . 

Fifth.  That  starch  or  dextrin,  being  boiled  m  vinegar  containing 
sulphm-ic"  acid,  will  be  converted  into  glucose,  or  grape  sugar. 

Mr  Lewis  Thompson  adopts  the  following  process  for  the  detection 
of  free'  sulphm-ic  acid  in  vinegar,  by  which  one-half  per  cent,  of  that 
acid  he  states,  may  be  detected  :— '  It  will  be  seen,  by  only  exposmg 
a  single  di-op  of  the  ^dnegar  upon  a  little  plate  at  a  steam  heat  lor 
five  minutes,  the  vinegar  containing  the  sulphuric  acid  wiU  become 
perfectly  black.  A  small  white  plate  is  put  over  a  vessel  contaimng 
water  and  the  water  is  made  to  boil,  so  that  the  steam  plays  agamst 
the  lower  part  of  the  plate.  Under  these  circiuustances,  take  a  drop 
of  the  suspected  vinegar,  and  drop  it  upon  the  plate;  if  it  contains 
oil  of  vitriol,  the  vinegar  will  evaporate,  and  the  acid  wiU  concentrate, 
tiU  it  is  sufficiently  sti-ong  to  act  on  the  organic  matter  of  the  vmegar, 
on  which  it  acts  and  chars  it.'  _  j  •  ^ 

Practically,  the  above  tests,  although  ingenious  and  mteresting  on 
paper,  are  worthless,  since  the  carbonisation  does  not  really  occur  in  anj- 
Sf  the  cases  described  even  when  the  vinegar  contams  the  lai-gest  amoimt 
of  sulphuric  acid  we  have  ever  met  with,  namely,  0-60  per  cent. ;  and 
with  respect  to  the  fifth  test,  the  starch  or  dexta-m  would  be  equaUy 
Inverted  by  any  other  mineral  acid.  Mr.  Thompson's  test  is  wanting 
rLlicacy,\ince  it  wUl  not  detect  less  than  5  parts  of  acid  per 
1000  of  vinegar. 
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There  is  a  simple  method,  however,  whereby  the  presence  of  free 
siilphiu'ic  acid  may  he  discovered  even  iu  as  small  a  proportion  as  1 
in  10,000.  This  consists  in  adding  a  few  drops  of  the  suspected 
vinegar  to  a  small  fragment  of  cane-sugar  and  evaporating  the  vinegar 
on  the  water-bath,  when  the  residue  will  turn  more  or  less  black 
according  to  the  amount  of  the  free  mineral  acid  present. 

For  the  determination  of  the  sulphuric  acid  quantitatively,  the 
following  method  is  to  be  adopted : — 

Solution  of  chloride  of  bariimi  is  added  in  excess  to  50  cc.  of  the 
vinegar  contained  iu  a  beaker  and  heated  to  boiling.  The  precipitate, 
consisting  of  sulphate  of  barium,  is  allowed  to  settle,  is  separated  by 
filtration  or  decautation,  washed,  dried,  incinerated  and  weighed, 
and  the  sulphuric  acid  calculated  therefrom.  Thus  the  total  amount 
ofsidphmic  acid,  free  and  combined,  is  obtained.  Another  portion, 
100  ec.  of  the  vinegar,  is  now  evaporated  in  a  platiniuii  basin  to  dryness 
and  the  residue  is  incinerated.  This  is  usually  a  very  difScidt  operation, 
the  mass  being  exceedingly  apt  to  spirt  and  thus  to  cause  loss  unless  it 
be  very  gradually  di-ied.  '  The  ash  is  heated  to  redness,  is  then  dis- 
solved in  weak  hydrochloric  acid,  and  the  sidphates  are  estimated  by 
means  of  chloride  of  barium  as  described  above.  The  difference  between 
the  two  estimations  gives  the  quantity  of  free  sulphm'ic  acid ;  this,  being 
volatile,  is  diiven  away  dm-ing  the  incineration. 

_  The  quantity  of  free  sulphuric  acid  must  be  calculated  for  acetic 
acid  and  the  amount  deducted  from  the  total  acid  foimd. 

The  quantity  of  combined  sulphm-ic  acid  met  with  is  subject  to 
gi-eat  vai-iation,  this  being  due  in  part  to  the  grain  used,  but  chiefly 
to  the  composition  of  the  water  employed  in  the  manufacture  of  the 
vanegars. 

Estimation  of  minei-al  acids. — It  has  lately  been  recommended  to 
estimate  the  quantity  of  free  mineral  acids  in  vinegar  by  the  employ- 
ment of  a  paper  colom-ed  with  methylanihne  violet,  the  colour  of 
which  is  destroyed  by  mineral,  but  not  by  organic  acids.  The  process 
is  thus  carried  out : — 

In  50  cc.  of  the  vinegar  the  total  acidity  is  estimated  by  means  of 
a  standard  solution  of  caustic  soda,  litmus  paper  being  employed  as 
the  indicator. 

In  a  second  portion  of  the  vinegar  (100  cc.)  the  acidity  is  estimated 
in  the  same  way,  paper  colom-ed  with  methylaniline  violet  being  em- 
ployed instead  of  the  litmus  paper.  The  alkaline  solution  is  added 
until  the  aniline  paper  ceases  to  be  decolorised.  The  quantity  of  so- 
lution employed  in  the  latter  case  gives  the  amount  of  the  free  mine- 
ral acids  present,  while  the  difference  between  this  amount  and  that 
first  employed  fm-nishes  the  datimi  from  which  the  quantity  of  acetic 
acid  may  be  calculated. 

Of  the  adulteration  of  vinegar  with  nitric,  hydrochloric,  and  tartai-ic 
acids  it  is  unnecessaiy  to  treat  at  any  length,  since  we  are  unacquainted 
with  any  instances  of  the  use  of  those  acids  in  the  adulteration  of  vinegar 
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altliough  it  is  quite  possible  that  they  have  heen  and  still  are  used  in 
some  rare  cases. 

On  the  detection  of  chillies  and  other  acrid  substances  in  vinegar . — 
The  presence  of  acriii  substances  in  vinegar  may  be  readily  detected. 
A  portion  of  the  vinegar  should  be  evaporated  nearly  to  dryness  and 
the  extract  tasted,  when  the  presence  of  any  pungent  substance  will  be 
plainly  revealed.  For  the  detection  of  capsicum,  see  the  article  on 
'  Cayenne.' 

On  the  detection  of  burnt  sugar. — 20  or  30  cc.  of  the  vinegar  are 
to  be  evaporated  on  a  water-bath  to  dryness,  the  extract  boiled  with 
alcohol,  the  alcoholic  solution  evaporated,  and  the  residue  tasted :  if  it 
lae  of  a  very  dark  colour,  and  of  a  bitter  taste,  burnt  sugar  is  no  doubt 
present. 

On  the  detection  of  pyroligneous  acid. — Pyroligneous  acid  consists 
of  acetic  acid,  with' creosote  and  other  impmities.  As  its  name 
implies,  it  is  formed  by  the  destructive  distillation  of  wood ;  and  it 
usually  possesses  a  smell  and  taste  indicative  of  its  origin.  For  the 
detection  of  this  impure  acid  nothing  more  is  usually  necessar^•  than  to 
distil  the  acid  from  a  portion  of  the  vinegar,  to  concentrate  this  by  re- 
distillation, and  finally  to  judge  of  it  by  the  taste  and  odour.  It  may, 
however,  be  so  deprived  of  its  impurities  as  to  be  quite  free  from 
smell,  it  consisting  entirely  of  acetic  acid,  being  then  undistinguishable 
from  that  acid  obtained  from  other  sources. 

On  the  detectim  of  bitartrate  of  -potash  in  vinegar. — Bitartrate  of 
potash  is  a  constituent  of  wine  vinegar,  and  as  we  are  often  called 
upon  to  give  our  opinion  as  to  whether  certain  vinegars  are  made 
from  wine  or  malt,  it  is  necessary  that  we  should  be  acquainted  with 
the  method  of  detecting  and  estimating  that  salt.  For  dii-ections  the 
reader  is  referred  to  the  article  on  '  Wine.' 

On  the  detection  of  malic  acid.— The  process  for  the  detection  of 
this  acid  will  also  be'fouud  in  the  article  on  '  Wine.' 

On  the  detection  of  metallic  imjmrities  in  vinegar. — Half  a  litre  of 
vinegar  should  be  evaporated  to  dryness  in  a  porcelain  capsule,  and  the 
resiclue  reduced  to  a  white  ash ;  if  the  ash  be  brown  or  rust-coloured, 
in  place  of  white,  it  contains  iron.  The  ash  should  be  treated  vrith  a 
few  drops  of  pure  nitric  acid,  distilled  water  being  added  after  boiling ; 
the  solution  should  be  filtered,  and  a  portion  of  it  tested  with  sul- 
phuretted hydrogen.  If  it  turn  black,  the  vinegar  most  probablv  is 
contaminated  with  lead  or  copper ;  and  if  yellow,  with  tin  or  arsenic. 

The  precipitate,  if  any,  is  separated  by  filtration,  washed  with  water 
containing  some  sulphiu-etted  hydrogen  in  solution,  and  then  treated 
with  some  sulphide  of  ammonium.  This  will  dissolve  the  sulphide  of 
tin  and  arsenic,  while  the  sulphides  of  lead  and  copper  remain  undis- 
solved, should  they  be  present.  The  latter  are  separated  by  filtration 
and  the  filtrate  is  acidulated  with  hydrochloric  acid,  which  agam 
throws  down  the  sulphides  of  tin  and  arsenic.  These  are  washed  with 
distilled  watei-  and  then  digested  with  a  solution  of  carbonate  of  am- 
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monia  in  whicli  tlie  sulphide  of  arsenic  is  soluble.  The  liquid  is  filtered 
aud  again  slightly  acidulated  with  hydrochloric  acid.  If  a  yellow 
precipitate  is  thrown  down,  the  presence  of  arsenic  is  proved.  The  pre- 
cipitate of  sulphide  of  arsenic  may  be  weighed  and  thus  the  amount  of 
ai-senic  determined. 

The  residue,  insoluble  in  carbonate  of  ammonia,  is  dried  and  fused 
with  a  mixture  of  carbonate  of  soda  and  nitrate  of  potash.  The  fused 
mass  is  dissolved  in  hydrochloric  acid,  and  in  the  solution  a  small  piece 
ot  pure  metallic  zinc  is  immersed,  upon  which  the  tin  is  precipitated. 
When  all  the  zinc  has  been  dissolved  the  precipitate  which  subsides  is 
boiled  with  strong-  hydrochloric  acid,  and  a  few  drops  of  a  solution  of 
corrosive  sublimate  or  bichloride  of  mercury  are  added.  If  now  a 
white  precipitate  consisting  of  calomel  or  protochloride  of  mercury 
be  thrown  down,  the  presence  of  tin  is  proved.  From  the  quantity 
ot  calomel  formed  the  amount  of  tin  present  may  be  estimated,  should 
It  be  desired  to  carry  the  analysis  thus  far. 

The  separated  sulphides  of  lead  and  copper  are  now  boiled  with 
pure  niti-ic  acid,  and  the  solution  is  evaporated  on  the  water-bath  with 
the  addition  of  a  drop  or  two  of  sulphuric  acid.  The  copper  passes 
into  solution  as  sulphate  of  copper,  while  the  lead  is  thrown  down  as 
sulphate,  which  may  be  collected  and  weighed. 

If  an  appreciable  amount  of  copper  be  present,  the  colour  of  the 
splutjon  will  already  indicate  its  presence,  but  to  determine  it  quan- 
titatively a  solution  of  caustic  potash  is  added.  The  precipitated 
oxide  of  copper  may  be  collected  and  weighed. 

On  fJie  detection  of  tron  and  zmc.~Iu  the  solution  of  the  ash  of 
vinegar,  in  which  sulphm-etted  hydrogen  has  either  failed  to  produce  a 
precipitate,  or  from  which  the  precipitate  has  been  sepai-ated  by  filtra- 
tion, the  iron  and  zinc  are  detected  as  follows  :— To  one  quantity  add 
excess  of  ammonia,  and  then  a  drop  or  two  of  sulphide  of  ammonium. 
It  a  black  precipitate  is  tkrown  down,  iron  is  proved  to  be  present  • 
another  portion  is  boiled  until  all  the  sulphm-etted  hydrogen  is  driven 
away ;  caustic  potash  should  now  be  added  in  excess.  The  liquid  is 
filtered,  and  to  the  filtrate  a  drop  of  sulphide  of  amnlonium  is  added 
A  white  precipitate  or  turbidity  shoAvs  that  zinc  is  present  Of  coiu-se 
the  precipitates  in  each  case  should  be  weighed  for  the  quantitative 
estimation  of  these  metals. 
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CHAPTER  XXXIX. 
PICKLES  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADOLTEBATION. 

Free  .Blphuvic  acid  beyond  the  proportion  allowed  bv  law  in  the  vin^'ar  with 
which  they  are  prepared;  any  other  mineral  acid;  and  also  copper. 

To  PERSONS  unacquainted  with  tlie  subject,  the  title  of  this  report, 
'  Picldes  and  their  Adulterations,'  may  appear  somewhat  singular ; 
and  they  may  be  disposed  to  ask-Are  not  the  gherkins,  cabbages 
beans,  &c.,  which  we  see  in  the  bottles,  what  they  appear  to  be  ?  And 
are  other  vegetables  than  those  coimuonly  known  to  us  mixed  with 
the  ordinary  kinds  ?    To  these  questions  we  thus  reply-  Gherkins 
on  close  examination,  often  tm-n  out  to  be  but  shrivelled  or  shced 
cucumbers;  the  'voung  tender  beans'  to  be  old  and  tough;  the 
'SSows'  to  have^'un  to  seed;   and  the  'red  cabbage '  to  be 
nothing  more  than  white  cabbage  turned  into  ^ed  by  colom-ing  m^^^^^^^ 
as  a  dyer  would  change  the  colour  of  a  dress  ;  fuither,  that  amongst 
Se  veoetaWes  not  unfrequently  employed  for  the  P^pose  of  picWe- 
makin-  are  some  which  do  not  enter  into  the  calculation  of  the 
Sure,  as  vegetable  marrows-which,  when  cut  into  pieces,_form  a 
very  respectable  imitation  of  cucimibers-and  shced  tui-mps  the 
identification  of  which  would  be  apt  to  puzzle  even  a  botanist  as  weU 
fs  certainly  aU  those  who  are  immitiated  in  the  secrets  of  a  pickle 

"'BtfthI"  adulterations  to  which  we  more  especially  allude,  ^^^^^^^^ 
the  consideration  of  which  om-  attention  will  be  particularly  duected 
n  the  following  remarks,  are  those  which  refer  to  the  quality  and 
compos  tYon  of  the  vinega^  used  for  pickling,  as  well  as  to  the  means 
emTyed  for  preserving  and  heightening  the  colour  of  green  piclJes 

V  Accum's  celebrated  work,  '  Death  n  the  Pot,'  under  the  bead 
Poisonous  Pickles,  we  obtain  the  followmg  information  in  relation 

^^X^SbL'lt^^^^^^^  in  the  state  called  pickles  by 

!  ^r+bP  antiseiDtic  nower  of  vinegar,  whose  sale  frequently  de- 
Zds  .1%  upoTf  fine  lively  green^olour,  and  the  consmnption 
rlGh  bv  searing  people  in  particvdar,  is  P-^lf^^Vrrch 
times  intentionally  coloured  by  means  of  copper  Cxherknns,  i^rencn 
S,  .ampSre,  tie  green  pods  of  capsicm.,  and  many  other  pickled 
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Te<retable  substances,  oftener  than  is  perhaps  expected,  are  met  with 
imprefrnated  with  this  metal.  Numerous  fatal  consequences  are 
known  to  have  ensued  from  tlie  use  of  these  stimulants  to  the  palate, 
to  which  the  fresh  and  pleasing  hue  has  been  imparted  accordino-  to 
the  dendly  fo)-7nulce  laid  down  in  some  modern  cookery  books  ;  such 
as  boihuo-  the  piclde  with  luilfpence,  or  suiiering  them  to  stand  for  a 
considerable  period  in  brazen  vessels.' 

Dr.  Percival  (« Medical  Transactions,'  vol.  iv.  p.  80)  has  o-iven  an 
account  of  '  a  young  lady  who  amused  herself  wliile  her  hair  was 
dressing  with  eating  samphire  pickles  impregnated  with  copper.  She 
soon  complained  of  pain  in  the  stomach  ;  and  in  five  days  vomitino- 
commenced,  which  was  incessant  for  two  days.  After  this  her  stomach 
became,  prodigiously  distended,  and  in  nine  days  after  eatino-  the 
pickles. death  relieved  her  from  her  suffering.' 

_  Among  many  recipes  which  modern  authors  of  cookery  books  have 
given  lor  imparting  a  green  colom-  to  pickles,  the  following  are  parti- 
cularly deserving  of  censm-e  ;  and  it  is  to  be  hoped  that  they  will 
be  suppressed  m  future  editions  of  the  works  from  which  thev  are  ex- 
tracted : — 

'  To  pickle  gJm-ldns.~Boil  the  vinegar  in  a  bell-metal  or  copper 
pot ;  pour  It  boilmg  hot  on  yom-  cucmnbers. 

'To  make  greening. —TaU  a  bit  of  verdigris  the  bigness  of  a  hazel- 
nut, finely  powdered,  half  a  pint  of  distilled  vinegar,  and  a  bit  of  alum 
powder,  with  a  little  bay  salt.  Put  aU  in  a  bottle,  shake  it,  and  let  it 
stand  till  clear.  Put  a  smaU  teaspoonful  into  codlings,  or  whatever 
you  wish  to  green.' 

Mr.  E.  Eafield  directs:  'To  render  pickles  gi-een,  boil  them  with 

IbraS'^pans  ^'^^^^y-^'o^"'  ^"""^'^  '^^  copper  or 

/To  detect  tlie  presence  of  copper  it  is  only  necessaiy  to  mince  the 
i pickles  and  to  pour  liquid  ammonia,  diluted  with  an  equal  bulk  of 
'.water,  over  them  m  a  stoppered  vial ;  if  the  pickles  contain  the  minutest 
quantity  ot  copper,  the  ammonia  assumes  a  blue  coloiu- ' 

The  above  remarks  and  quotations  convey  a  somewhat  fearful  pic- 
I  ture  of  the  colouring  of  pickles.  ^ 

Results  .of  Analyses  of  Samples. 

Twentg-three  samiples  of  pickles  of  different  descriptions,  includinc^ 
7mxedptcA-les,  Incha  pickles,  gherkins,  beam,  chillies,  &<f.,  were  subiected 
1  to  chemical  examination,  with  the  following  results  :— - 
11.  That  the  mnegar  used  for^pickling  is  often  of  a  very  weak  desa-ip- 
tton  the  percentage  of  acetic  acid  ranging  between  1-48  and 
2-JJ.  _  It  will  be  remembered  that  in  our  last  report  we  stated 
that  mnegar  of  good  quality  aught  to  contain  from  four  to  five  per 
cent,  of  pure  acetic  acid.  ■>       j         j  i 

e2.  That  nineteen  out  of  twenty  of  the  vinegars  submitted  to  analysis, 
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poor  as  tliey  were,  yet  oroed  a  portion  of  their  aridity  to  mlpkuric 
acid,  the  amount  of  which  varied  in  the  different  samples  from 
•38  to  2-52  in  the  1000  parts;  the  Inryest  quantify  of  this  acid 
beinr/  detected  in  the  vinegars  in  which  the  red  cabbages  were 
nicMed. 

3.  That  in  the  whole  of  the  sixteen  diferent  ptc/des  analysed  for  copper, 
THAT  I'OisoKOUS  METAL  was  discovered  in  various  amounts :  two 
of  the  samples  contained  a  small  quantity ;  eight,  rather  much  ; 
one,  a  considerable  quantity  ;  three,  a  very  considerable  quantity  ; 
in  one,  copper  was  present  in  highly  deleterious  amount ;  and  in 
two,  in  poisonous  amounts. 

4  That  the  picJdes  lohioh  contained  the  largest  quantity  of  copper,  were 
those  which  consisted  entirely  of  green  vegetables,  as  gherkins  and 

beans.  .   ,     ,  i?    -u-  i. 

Notwithstanding  the  statements  made  in  books,  some  Oi  which  we 
have  noticed  at  the  commencement  of  this  report,  we  felt  convmced 
when  we  entered  upon  these  enquiries  that  so  poisonous  a  metal  as 
copper  was  now  rarely  if  ever  employed  for  the  mere  purpose  of 
heic^htening  and  preserving  the  colour  of  gi-een  pickles  ;  we  are  there- 
fore hoth  surprised  and  grieved  at  the  character  of  the  results  to  which 
our  investio-ations  have  conducted  us.  We  are  happy  to  state  however 
that  since  the  analyses  ahove  recorded  were  made,  very  gi-eat  improve- 
ment has  taken  place;  indeed  the  practice  of  greenmg  pickles  with 
copper  is  now  heing  gradually  abandoned. 

Pickles,  dcuhtless,  even  when  properly  prepared,  are  not  very  diges- 
tible •  hut  we  now  see  that  much  of  the  ill  effects  so  generally  attnhuted 
to  their  use  must  result  from  their  impregnation  with  so  poisonous  a 
contamination  as  copper. 

In  some  cases  copper,  usuaUy  the  sulphate,  commonly  known  a.-, 
blue  stone,  is  added  direct  to  the  vinegar  in  which  the  pickles  axe  pre- 
served ;  more  frequently,  however,  no  direct  addition  of  copper  is 
made,  hut  a  sufficient  quantity  of  that  metal  in  the  form  of  an 
acetate,  is  obtained  by  the  repeated  boiling  of  the  vmegar  copper 
vessels  but  since  vinegar  is  so  commonlv  adulterated  w^th  sidphunc 
acid,  sulphate  of  copper  is  generally  formed  as  well.  Thus  it  amounts 
to  precisely  the  same  thing  whether  the  copper  is  added  f  "e^t  to  ri^e 
pickles,  or  whether  it  is  taken  from  the  copper  utensils  by  the  action 
of  the  acids  of  the  vinegar. 

It  is  in  the  vineaar  employed  for  pickle-makmg  especially  that  we 
should  expect  to  find  pyroHgneous  acid;  this  acid  may  sometimes  be 
detected  by  the  slight  odom-  of  creosote,  from  which  it  is  so  difficult 

*°  k's  of  importance  that  the  effect  of  the  action  of  the  sulphuric 
acid  contained  in  many  of  the  pickling  vinegars  on  the  colour  of  he 
pickles  should  be  determined.  Our  OAvn  unpression  is,  that  it  would 

be  found  to  be  injm-ious.  „  Arpc«r<5 

A  visit  to  a  large  pickle  warehouse,  such  as  that  of  Messrs. 
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Orosse  Sc  Blackwell,  during  the  season  of  pickle  and  preserve  makin'^-, 
is  not  without  interest.  The  vast  piles  of  vegetables  and  fruit  ready 
to  be  sorted,  cut,  boiled,  &c.,  are  really  astonishing. 

It  appears,  however,  that  pickle-making  is,  to  a  great  extent,  inde- 
pendent of  the  seasons,  and  that  most  of  the  different  kinds  of  pickles 
may  be  made  at  any  period  of  the  year.  This  the  manufacturers 
are  enabled  to  do  by  keeping  a  large  stock  of  the  various  vegetables 
immersed  in  brine  and  packed  in  barrels.  In  some  of  our  largest  estab- 
lishments many  hundred  barrels  thus  filled  may  be  seen"  We  are 
informed  that  the  greater  pai-t  of  these  vegetables  come  from  abroad. 
It  IS  alleged  that  they  are  kept  in  brine  for  the  sake  of  economy,  and 
that  they  would  be  preserved  far  better  in  vinegar, 

THE  DETECTION  OF  THE  Aa)TJiTERATIONS  OF  PICKLES. 

The  processes  employed  for  the  detection  of  all  the  more  usual 
adultei-atious  of  vinegar  have  ah-eady  been  described,  and  it  is  not 
necessary  to  repeat  them  in  this  place  ;  we  have  then  merely  to  point 
out  the  methods  by  which  the  presence  of  copper  in  pickles  is  to  be 
determined. 


Detection  mid  Estimation  of  Co2)per. 
The  presence  of  copper  in  pickles,  bottled  fruits  and  ve^'etables 
and  preserves,  is  often  unmistakably  indicated  by  their  colow\ 

When  the  liousekeeper  preserves  these  articles,  they  are  usually  of 
I  a  yellow  colour  rather  than  green,  but  as  exhibited  in  shop  windows 
or  piu-chased  of  manufactui-ers  of  these  articles,  they  frequently  present 
:!a  vivid  bluish-green  colour,  more  intense  than  that  of  the  fresh  veo-e- 
rtab  es  or  fruit.  Whenever  these  articles  are  of  a  decided  green,  they 
•  Avill  almost  always  be  foimd  to  contain  copper  ;  but  when  they  are 
^yellowish  or  brownish-green,  copper  is  never  present. 

This  metal  is  foimd  usually  both  in  the  pickles  and  in  the  vineo-ar  • 
;'and  lor  its  detection  the  following  processes  may  be  adopted  -—50  cc' 
-or  so  of  the  vinegar  should  be  poured  into  a  test-glass,  and  in  this  a 
piece  ot  thick  iron  wu-e,  having  a  smooth  and  polished  surface,  should 
be  immersed  for  a  few  hom-s.    If  copper  be  present  it  will  become 
cleposited  upon  the  wire,  forming  a  coating  more  or  less  complete  and 
thick,  according  to  the  quantity  present.    This  test  may  be  so  readilv 
ipphed  that  we  recommend  the  public  to  make  use  of  it,  and  so  ascei- 
:am  tor  themselves  whether  the  pickles  they  are  consuming  contain  the 
ooison  or  not.    If  only  a  very  small  quantity  of  copper  be  present  it 
^.Nnll  be  quickly  deposited  on  the  surface  of  the  iron 

For  the  detection  of  copper  in  the  pickles  themselves,  the  foUowing 
orocess  may  be  adopted.  ° 
About  100  grammes  of  each  green  pickle,  after  having  been  sliced 
^vntH  a  glass  knife,  are  to  be  incinerated,  care  being  taken  to  avoid 
very  source  of  contamination ;  the  ash  is  to  be  moistened  with  a 
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few  drops  of  pure  nitric  acid,  30  cc.  of  distilled  water,  after  the  lapse 
of  a  short  time,  are  added,  the  solution  filtered,  and  ti-eated  with  excess 
of  ammonia.  If  copper  be  present,  the  solution  will  become  more  or. 
less  blue,  according  to  the  amount. 

For  the  qunniitative  estimation  of  copper  in  pickles,  we  must  pro- 
ceed as  follows : — 

200  to  300  gTammes  of  the  pickles,  including  a  fair  proportion  of 
the  vinegar,  must  be  evaporated  to  drjTiess,  then  incinerated  :  the  ash 
treated  with  about  8  cc.  of  nitric  acid,  diluted  with  an  equal  quantity 
of  water ;  the  whole  boiled  for  a  few  minutes,  evaporated  to  drvness, 
the  residue  diluted  with  about  50  cc.  more  water,  boiled  again  for  a 
time,  the  solution  filtered,  and  the  copper  precipitated  by  means  of 
sulphuretted  hydrogen ;  the  siilphuret  of  copper  must  be  collected, 
dried,  weighed,  and  the  copper  determined. 
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CHAPTER  XL. 

T^EMON  AND  LI3IE  JUICES  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Lemon  and  lime  juice  unmixed  with  alcohol  should  have  a  specific  gravity 
of  not  less  than  1034  ;  it  should  contain  not  less  than  7  per  cent,  of  water-free 
citric  acid,  and  should  furni-h  jiearly  9  per  cent,  of  total  solids. 

Lemo]^  jtjice  is  obtained  by  expression  from  the  frait  of  a  species  of 

lemon,  termed  Citrus  limoniim,  one  of  the  Aurantiacees. 

■Lime  juice,  which  corresponds  so  closely  with  lemon  juice,  is 

obtained  from  another  species  of  lemon,  called  Citrus  limetta. 

Lemon  juice  consists  principally  of  mucus,  albumen,  sugar,  malic, 

but  chiefly  citiic  acid,  together  with  certain  saline  and  mineral  matters. 

According  to  Buignet,  100  parts  of  the  juice  contain  1-1  of  grape  sugar, 
I  0-4  cane  sugar,  and  4-7  per  cent,  of  free  acid.  Good  lemon  juice  sho'iild 
1  furnish  a  larger  amount  of  fi-ee  acid  than  that  named,  aud  should  not 
i  contain  less  than,  according  to  Parkes,  5-5  per  cent,  of  acid;  but  even 
I  this  amount  is  far  too  low,  and  it  should  certainly  come  up  to  at  least 
:  the  Board  of  Trade  standard,  6  8  per  cent,  of  acid.  According  to  Witt 
:  lemon  juice  fui-nishes  from  0-2  to  0-6  per  cent,  of  ash,  100  parts  con- 
•.taining  44-3  per  cent,  oi  potash,  2-1  soda,  7-6  lime,  3-3  magnesia,  12-5 
^sulphuric  acid,  19-7  carbonic  acid,  7-6  phosphoric  acid,  1-0  phosphate  of 
tiron,  1-2  chlorine,  and  0-6  per  cent,  of  silica. 

Lime_  juice  of  course  approximates  closely  in  its  composition  to 
!  lemon  juice,  but  it  is  said  to  have  a  lower  specific  gravity,  to  contain 
i  less  acid,  and  also  less  mucus. 

Lemon  juice  should,  according  to  the  British  Pharmacopoeia,  have 
specific  gravity  of  1-039,  and  it  should  contain  an  average  of  32-5 
■grams  of  acid  to  the  ounce,  equal  to  7-4  per  cent. ;  but  Mr.  Stoddart  is 
"Of  opinion  that  the  gravity  is  too  high  for  the  quantity  of  acid  men- 
rtioned.  He  gives  the  specific  gravity  as  ranging  from  1-040  to  1-045 
aand  the  citric  acid  at  from  39  to  46  grains  per  ounce,  equal  to  from 
""o-y  to  10-5  per  cent. 

The  Board  of  Trade  standard  is  a  specific  gravity  of  1-030  without 
^spint,  with  30  grains  of  acid  per  ounce,  equal  to  6-8  per  cent. 

The  total  solids  contained  in  genuine  lemon  juice  are  of  course 
subject  to  vanation  within  certain  limits.  Dr.  Parkes  found  in  two 
samples  which  he  analysed  7-186  and  7-1828  per  cent.,  but  Mr.  Stod- 
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dart,  according  to  Parkes,  gives  a  lower  amount,  6-17.  There  must  lie 
some  error  here,  inasmuch  as  the  lowest  amount  of  citnc  acid  iound 
by  Mr.  Stoddart  exceeds  the  total  solids  met  with  by  him.  ihe  a^h 
furnished  by  the  two  samples  referred  to  was  0-62  and  0-53  per  cent., 
of  which  0-38  was  soluble  ;  the  potash  amounting  to  0-12  per  cent.,  or 
half  a  grain  per  ounce,  and  the  phosphoric  acid  to  0-008  per  cent., 
equal  to  0-035  grain  per  ounce.  The  total  acidity  was  equal  in  citric 
acid  to  4-61  and  5-36  per  cent.,  giving  an  average  of  22  grains  of  a«id 


per  ounce 


The  alcohol  was  5  per  cent.,  equal  to  about  10  per  cent,  of  brandy. 
Witt's  analyses  give  from  0-2  to  0-5  per  cent,  ot  ash,  of  which  44-o 
per  cent,  consisted  of  potash,  so  that  if  the  ash  was  0-5  per  cent.,  the 
iDotash  would  be  0-9  grain  in  an  ounce. 

^  The  phosphoric  acid  was  from  0-015  to  0-038  per  cent.  These 
small  quantities  of  potash  and  phosphoric  acid  seem  to  clearly  establish 
the  fact  that  the  value  of  lemon  juice  does  not  depend  m  any  way  upon 

those  constituents.  -n  ^„-,i.„ 

Lime  juice,  as  abeady  noticed,  has  a  somewhat  lower  specific  gravity 
than  lemon  juice-namely,  it  is  said,  1-037-and  it  is  stated  to  furmsh 
about  32-2  grains  of  acid  per  ounce,  equal  to  7-3  pr  cent. 

The  lemon  juice  used  for  shipping,  and  in  fact  that  usuallv  met 
with  in  commerce,  is  said  to  be  prepared  either  m  Sicily  or  in  tbe 
West  Indies,  and  to  be  mixed  with  a  proportion  of  ^^^^^f^^^'^X 
brandy  or  whislry,  while  olive  oil  is  poured  on  the  top._  11  the  spmt 
beadcfed  in  the  p'l^oportion  of  1  to  10,  it  of  course  dimimshes  the  c^tnc 
acid  one-tenth,  and  in  making  an  analysis  of  lime  J^^  /^f  ^^0 
be  held  in  remembrance.  About  1  ounce  of  brandy  is  added  to  10 
ounces  of  the  iuice.  Sometimes  the  juice  is  boiled  and  no  spirit  added 
Se  of  good  quality  wiU  keep  for  years,  but  badly  preserved  jmce 
S  quicMy  spo^il,  beaming  t  Jid  and  mucilaginous,  the  citnc  and 

-^^SS^SW  sp.it tolen^njuicev^y^ 

since  in  many  cases  in  which  the  .imce  is  ^Jmm^^red  t^^^^^ 

tained  in  it  is  likely  to  exert  an  injurious  eflect.    Moieovei  tins  axioi 

tiontduces,  as  haJalready  been  pointed  out,  to  the  extent  of -^^^^^^ 

the  reaUy  valuable  constituent  of  the  J^^'^^-'jrS:.St  of  the  i^c^^ 
Another  objection  is  thatthe  spirit  enhances  greatly  the  co  t  of  the  Jmc^^ 
nitric  acid  occurs  in  a  great  variety  of  frmts— m  all  the  various 
.J^^oi  ^mges^^  dtrons,  in  currants,  goosebernes 

cherries,  tamarh^ds,  whortleberrtes,  and  many 
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washed  with  cold  water,  and  the  liltmte  and  washings  are  boiled  down 
in  a  leaden  vessel  until  the  liquor  has  a  si^ecific  gravity  of  1-13.  It  is 
then  further  concentrated  on  a  water-bath  until  a  crystalline  film 
begins  to  form  ;  the  liquid  is  allowed  to  cool,  when  the  citric  acid 
crystallises.  If  it  were  further  concentrated  the  excess  of  sulphm-ic 
acid  woidd  char  the  citric  acid,  and  convert  the  whole  into  a  black 
mass.  The  crystals  are  dissolved  and  recrystallised  four  or  five  times 
m  succession.  The  mother-liquors  are  then  treated  with  challi  in  the 
same  ma,nner  as  the  fresh  lemon  juice. 

In  France  the  citrate  of  lime  is  bleached  with  chloride  of  lime 
before  it  is  decomposed  with  sulphmic  acid.  In  this  covmtry  citric 
acid  IS  usuaUy  made  from  a  black,  treacle-like  liquid  imported  from 
Sicily,  and  which  is  obtained  by  the  inspissation  of  the  expressed  juice 
ot  the  lemon,  after  the  rind  has  been  removed  to  be  used  for  the  sake 
'  ot  its  essential  oil. 

'  To  obtain  an  exportable  material  for  the  manufacture  of  citric 
;  acid  I  erret  treats  clarified  lemon  juice  with  excess  of  magnesia : 

washes  the  resulting  insoluble  granulo-ciystalline  magnesium  salt  with 
.  cold  water ;  redissolves  it  in  hot  lemon  juice  ;  and  evaporates  the  solu- 
i  tionrapidly,_  whereby  a  bibasic  magnesium  citrate  is  obtained  in  a 
ilorm  convenient  for  exportation  to  the  manufactories.  G.  Schnitzer 
:  recommends  that  the  warmed  fresh  lemon  juice  be  mixed  with  a 

quantity  of  lime  or  chalk  not  quite  sufficient  to  neutralise  the  acid 
1  reaction,  because  an  excess  of  lime  likewise  precipitates  those  consti- 
:tueuts  of  the  jmce  which  excite  fermentation  and  occasion  loss  of  citric 

acid.  I  he  calcnmi  citrate  precipitated  as  above  may,  after  once  wash- 
1  ing  and  rapid  drying,  be  kept  for  a  long  time  without  decomposition. 
11'.  Kowe  dilutes  the  concentrated  lemon  juice  imported  from  Sicilv 
^wlth  water,  to  facilitate  the  clarification.  He  also  removes  the  iniu- 
rnous  excess  of  sulphuric  acid  which  accumulates  in  the  concentrated 
ssolutions  of  citric  acid  obtained  by  decomposition  of  the  calcimn  salt, 
i  by  renewed  treatment  with  lime,  whereby  flocciUent  matters,  consisting 

ot  gypsmn  and  phosphates  which  interfere  with  the  crystaUisation,  arl 
i  likewise  removed.  A  great  improvement,  introduced  by  E.  A.  Pontifex 
an  the^manufactm-e  of  citric  acid  (also  in  that  of  tartaric  acid)  is  the 

'J'w  ?!  ^  T^'?™™"  filial  evaporation  of  the  solution.'— 

Watts  s  Dictionary.' 

«nrl^'Zf1r'  C'fiHsO^is  a  tribasic  acid, 

and  crystallises  m  two  fonns.  The  one  consists  of  large  trimetric 
;  prisms  containing  one  molecule  of  water  of  crystallisation!  This  is  its 
.  "'?Lop"'  effloresce  in  the  air  at  a  temperatm-e  between  i28° 

ianci  su  b   and  lose  their  water  of  crvstallisation  at  100°  0  The 
cn-stals  of  the  second  form  are  deposited  from  a  satm-ated  boiling 
solution,  and  they  contain  1  molecule  of  water  to  2  of  citric  acid,  the 
^water  being,  according  to  some  chemists,  only  mechanically  enclosed. 

lit  ifr^..!-!      1  Z^'-'^  T'l'  f^.'"^'^  ^""^     0-5partsof  boiling  water. 
H  It  IS  readily  soluble  in  alcohol,  but  insoluble  in  ether 
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Lime  water  added  in  great  excess  to  a  concentrated  solution  of 
citric  acid  occasions  a  precipitate  of  citrate  of  lime.  The  amount  of 
the  precipitate  is,  however,  f^reatly  increased  by  boiling  the  mixture, 
owing-  to  the  greater  insolubilitj'  of  the  citi'ate  of  lime  in  boiling  water ; 
but  the  citi'ate  is  redissolved  as  the  solution  cools.  It  is  discriminated 
from  tartaric  and  racemic  acids  by  the  fact  that  while  the  acid  potas- 
sium salts  of  the  latter  acids  are  insoluble,  that  of  the  citric  acid  is 
soluble  in  water.  But  the  distinction  is  further  shown  by  the  tartaric 
acid  being  precipitated  by  an  ammoniacal  solution  of  chloride  of  calcium, 
while  citrate  of  lime  is  only  precipitated  after  the  addition  of  alcohol. 

When  a  solution  of  even  pure  citric  acid  is  kept  for  some  time  ex- 
posed to  the  air  it  becomes  covered  with  a  fungus.  Further,  when 
mixed  with  chalk  and  a  little  yeast,  and  subjected  to  a  temperature  of 
from  20°  to  30°  0.,  it  is  decomposed  and  furnishes  acetic  and  butyric 
acids. 

Heated  in  a  retort,  citric  acid  melts  in  its  water  of  crystallisation, 
and  even  boils,  when  the  water  is  given  off  and  condenses  in  the 
receiver.  At  about  175°  0.  it  is  decomposed,  carbonic  oxide  being  dis- 
engaged, and  acetone  passes  over.  The  residue  in  the  retort  consists  of 
nconitic  acid.  If  the  distillation  be  further  continued,  carbonic  add  is 
given  off  and  crystals  of  itaconio  acid  appear. 

Fused  with  potash  it  is  decomposed  into  oxalic  and  acetic  acids. 
It  also  )delds  oxalic  acid  when  heated  with  strong  nitric  acid. 

Strong  sulphuric  acid  occasions  a  disengagement  of  carbonic  oxide, 
and  if  the  temperature  be  raised,  acetone  and  carbonic  ocirf  are  evolved, 
while  the  residual  mass  becomes  of  a  dark  brown  colour. 

By  oxidation  with  permanganic  acid,  a  strongly  iiTitating  body,  pro- 
bably acroleine,  is  formed,  together  with  an  acid  analogous  to  acrylic 
acid. 

Citric  acid  prevents  the  precipitation  of  the  salts  of  iron,  manganese, 
and  aluminium,  on  the  addition  of  alkalies. 

THE  ADTJLTEEATIONS  OF  LEMON  JTJICE. 

Water. — Sometimes  the  strength  of  the  lime  juice  is  greatly 
reduced  by  an  addition  of  water,  in  which  case  it  will  be  apt  to  spoil, 
unless  the  mixture  contain  a  considerable  percentage  of  alcohol.  This 
adulteration  would  be  discovered  by  the  specific  gravity  of  the  dealco- 
holised  juice  restored  to  its  original  volvune,  and  by  the  diminished 
amount  of  citric  acid  therein  contained. 

Suf/ar. — Another  adulteration  is  with  sugar,  whereby  its  flavour  is 
much  improved. 

Tartaric  acid.— Thia  acid,  being  very  much  cheaper  than  citric  acid, 
is  sometimes  substituted  for  that  acid,  either  wholly  or  in  part. 

Sulphuric  acid.— This  is  by  far  the  most  common  adulterant  of  lemon 
juice,  and  no  doubt  its  substitution  for  citric  acid  is  a  gross  fraud,  and 
one  highly  injurious  to  the  health  of  those  who  partake  of  the  juice 
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-  tlius  adulterated.  It  has  teen  atlirmed  that  the  sulphuric  acid  is  added 

-  to  make  the  juice  keep  hetter,  but  this  object  may  be  eflected  in  less 
objectionable  ways,  as  by  boiliup;  the  juice,  or  covering  it  with  a  layer 
of  "oil ;  but  it  may  be  questioned  whether  the  addition  of  sulphui'ic  acid 

,  does  really  cause  it  to  keep  for  a  longer  period,  since  it  is  very  certain 
;  that  on  lime  juices  which  contain  free  sulphuric  acid  a  scum  of  peni- 
.  cillium  quickly  I'orms,  and  is  thicker  and  more  abundant  than  on  the 
.  genuine  juice. 

Hydrochlonc  acid. — Another  mineral  acid  sometimes  employed  is 
■  hydi'ochloric  acid,  which  is  also  very  objectionable  as  a  substitute  for 
citric  acid.    Furthermore,  as  has  been  ali-eady  more  than  once  men- 
.  tioned,  hydrochloric  acid  is  frequently  contaminated  with  lai-ge  quan- 
;  titles  of  arsenic. 

Nitric  acid. — A  third  mineral  acid  which  has  been  said  to  be  used 
■.  in  the  adulteration  of  lemon  juice  is  nitric  acid,  but  we  have  never  met 
^  with  this  adulterant,  and  we  believe,  for  reasons  hereafter  given,  that 
;  its  employment  is  extremely  unlikely. 

Factitious  lemon  juice. — Very  frequently,  in  place  of  the  lemon  juice 
"  being  adulterated,  acid  liquids  are  substituted  for  it  which  do  not  con- 

•  tain  a  drop  of  the  juice  of  the  lemon.  These  liquids  may  be  variously 
V  compounded.    The  usual  rece'ipt  for  the  preparation  of  factitious  lemon 

juice  is  as  follows  : — The  citric  acid  is  dissolved  in  water,  the  solution 
being  flavoured  with  a  spirituous  essence  of  lemon.    The  flavour  of  the 
;  mixture  is,  however,  not  like  that  of  the  real  juice,  while  the  substi- 
:  tution  is  discovered  by  the  weight  and  characters  of  the  residue  left  on 
c  evaporation. 

Of  twenty  samples  of  lemon  juice  analysed  by  Mr.  Stoddart,  in 
11868,  seven  were  genuine,  five  contained  water,  eight  were  artificial, 
:  tartaric  acid  was  present  in  one  sample,  and  sulphm-ic  acid  in  another. 

1  THE  DETECTION  OP  THE  ADTTLTEEATIONS  OP  LIME  AJSTD  LEMON  JtTICBS. 

In  making  analyses  of  lemon  and  lime  juices  with  a  view  to  detect 
;!  adulteration,  it  is  necessary  to  bear  in  mind  the  standard  or  standards 
^  which  have  ah'eady  been  referred  to  as  characteristic  of  lemon  juice  of 
igood  quality.  According  to  the  Pharmacopoeia,  it  shoidd  have  a 
;  specific  gravity  of  1'039,  and  should  fiu'nish  32  5  grains  of  citric  acid 

•  per  ounce,  equal  to  7  "4  per  cent.  But  it  must  be  remembered  that  this 
applies  to  the  imalcoholised  juice,  while  the  Board  of  Trade  standard 

iis  a  specific  gravity  of  1-030  without  spirit  and  30  grains  of  acid  per 

ounce,  equal  to  6'8  per  cent,  of  acid. 

In  making  an  analysis  of  a  sample  of  the  juice  the  first  thing  to  be 
i  done  is  to  take  its  specific  gravity,  which  is  most  accurately  deter- 
1  mined  by  the  specific  gravity  bottle.  If  alcohol  be  present,  the  liquid 
:  should  be  evaporated  to  fully  one-half,  and  restored  to  its  original 

volume  by  an  addition  of  water,  when  the  specific  gravity  is  to  be 
.  again  taken. 

The  points  now  to  be  determined  are  the  acidity,  the  total  solids, 
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the  amount  of  mineral  matter  and  the  alkalinity  of  the  ash,  the  per- 
centage of  sugar  and  of  spirit. 

]f  all  these  results  correspond  with  those  obtained  from  the 
examination  of  genuine  lemon  juice,  we  shall  have  reason  to  believe 
that  we  are  dealing  with  a  genuine  sample,  but  this  by  no  means 
necessarily  follows,  as  it  may  possess  the  right  specific  gravity,  acidity, 
total  solids,  and  yet  not  contain  a  particle  of  lemon  juice.  This  renders 
it  necessary  that  the  analysis  should  be  carried  still  further.  Thus 
search  must  be  made  for  cane  sugar,  tartaric,  sulphuric,  hydrochloric, 
and  nitric  acids,  but  especially  the  first  two  acids  named,  and  attention 
must  also  be  paid  to  the  amount  and  composition  of  the  ash. 

We  will  now  proceed  to  describe  the  various  steps  of  the  analysis. 

Acidity. — The  acidity  is  determined  in  50  cc.  of  the  juice  either  by 
the  employment  of  a  weighed  quantity  of  pure  carbonate  of  soda,  or, 
better  still,  by  means  of  a  standard  solution  of  caustic  potash  contain- 
ing one  equivalent  of  caustic  potash  in  1 ,000  cc.  The  quantity  of 
alkali  used  is  to  be  calculated,  notwithstanding  the  presence  of  a  small 
quantity  of  malic  acid,  into  citric  acid,  the  chief  acid  of  the  lemon 
juice.  1,000  cc.  of  the  solution  of  potash  saturate  64  gi-ammes  of 
anhydrous  citric  acid,  OgHgO,,  or  70  grammes  of  the  ordinary  crystal- 
lised citric  acid. 

On  the  detection  of  citric  and  malic  acids. — Exact  chemical  methods 
for  the  estimation  of  these  acids,  especially  when  they  are  mixed  with 
other  organic  acids,  do  not  exist ;  we  merely  give,  therefore,  certain 
qualitative  tests  whereby  the  presence  of  these  two  acids  can  be 
detected. 

The  lemon  juice  to  be  tested  is  rendered  slightly  aUcaline  by  means 
of  ammonia ;  chloride  of  aramoniiun  and  then  chloride  of  calcium  is 
added,  the  mixture  being  well  shaken  and  allowed  to  stand  for  some  time. 
If  any  precipitate  appear,  this  will  consist  in  all  probability  of  tartrate 
of  lime,  which  is  separated  by  filti-ation,  and  to  the  filtrate  three 
volumes  of  strong  alcohol  are  added,  whereby  the  citric  and  malic 
acids  will  be  precipitated  as  lime  salts.  The  precipitate  is  separated 
by  filtration,  washed  with  alcohol,  and  dissolved  in  a  little  dilute 
hydrochloric  acid.  The  solution  is  rendered  very  slightly  alkaline  by 
means  of  ammonia,  and  is  then  boiled.  A  white  hears^  precipitate, 
thrown  down  by  boiling,  conclusively  proves  the  presence  of  citric  acid. 
The  boiling  liquid  is  filtered,  allowed  to  cool,  and  again  precipitated  as 
above  by  means  of  alcohol.  The  precipitate  is  boiled  with  some  strong 
nitric  acid.  Any  malic  acid  present  will  thereby  be  converted  into 
oxalic  acid,  which,  after  neutralisation  with  ammonia,  may  be  detected 
by  the  addition  of  a  solution  of  sidphate  of  lime.  A  white  turbidity 
of  oxalate  of  lime  establishes  tlie  fact  of  the  presence  in  the  lime  juice 
of  malic  acid. 

Total  solids. — For  the  determination  of  these,  10  cc.  are  to  be  eva- 
orated  on  the  water-bath  in  a  weighed  platinum  basin  until  the  weight 
ecomes  constant. 

Mineral  matter. — The  dried  solids  are  now  to  be  incinerated,  the 
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asli  weig-hed,  and  its  alkalinity  determined  with  a  standard  sulphuric 
acid  solution,  containing-  40  grammes  of  sulphuric  acid  in  1 ,000  cc.  The 
ohject  of  determining'  the  alkalinity  of  the  ash  is  simply  to  ascertain 
whether  free  mineral'  acids  were  present  in  the  juice  or  not.  Of 
course,  if  those  acids,  especially  sulphuric  acid,  have  been  added,  the 
ash  will  not  exhibit  an  alkaline  reaction. 

Suffcir.—Fvom  200  cc.  of  the  lime  juice  most  of  the  citric  acid  is 
removed  by  the  addition  of  a  solution  of  basic  acetate  of  lead,  an  excess 
of  which  is  to  be  avoided. 

In  the  liquid,  after  it  has  been  rendered  exactly  neutral,  the 
glucose  is  determined  by  means  of  the  standard  copper  solution,  in  the 
manner  described  in  the  article  on  '  Sugar.' 

Another  part  of  the  same  solution,  freed  from  the  citric  acid  as 
above  mentioned,  is  boiled  for  two  hours  with  a  few  drops  of  sulphiu-ic 
acid,  in  order  to  convert  any  cane  sugar  which  may  be  present  into 
glucose,  which  is  then  to  be  estimated  in  the  same  manner  as  before, 
100  parts  of  glucose  correspond  to  95  parts  of  cane  sugar. 

Alcohol. — 100  cc.  of  the  lime  juice  are  neutralised  with  caustic 
soda  and  the  alcohol  is  distilled  off.  The  specific  gravity  of  the  dis- 
tillate is  to  be  ascertained,  and  from  it  the  quantity  of  alcohol  present 
is  calculated,  as  at  length  described  in  the  articles  on  'Beer'aud  'Wine.' 

Tartaric  add. — 50  cc.  of  the  lemon  juice  are  to  be  neutralised 
with  ammonia,  and  a  solution  of  chloride  of  calcium,  containing  some 
chloride  of  ammoniimi,  is  added.  The  liquid  is  allowed  to  stand  for 
some  hours,  when,  if  any  tartaric  acid  be  present,  a  crystalline  pre- 
cipitate of  tartrate  of  lime,  04lT4CaOg,  4H2O,  will  be  deposited,  which 
may  be  collected  on  a  filter,  washed,  dried,  and  weighed.  But  it  must 
be  remembered  that  this  precipitate  may  contain  sulphate  of  lime ;  an 
estimation  of  the  sulphuric  acid  in  it  should  therefore  be  made. 

But  the  amoimt  of  tartaric  acid  is  more  accurately  determined  by 
adding  to  the  lemon  juice  a  solution  of  acetate  of  potash  and  a  volume 
of  alcohol  equal  to  that  of  the  lemon  juice  employed.  The  tartaric 
acid  will  be  precipitated  as  acid  tartrate  of  potash,  C^TTgKOg,  if  the 
solution  be  allowed  to  stand  for  24  hom-s.  Care  should  be  taken  not 
to  touch  the  sides  of  the  glass  with  the  rod,  as  crystals  of  the  tartrates, 
which  adhere  firmly  to  the  glass,  are  consequently  deposited. 

Sulphuric  acid. — The  sulphuric  acid  is  to  be  precipitated  from 
50  cc.  of  the  lemon  juice  by  means  of  a  solution  of  chloride  of  barium 
rendered  acid  by  the  addition  of  a  few  drops  of  hydrochloric  acid ;  the 
sidphate  of  barium  is  to  be  collected  on  a  filter,  washed,  incinerated, 
weighed,  and  calculated  for  sulphm-ic  acid.  Genuine  lemon  juice  con- 
tains little  more  than  traces  of  sulphuric  acid,  and  hence  for  all  prac- 
tical purposes  the  whole  of  the  sulphuric  acid  foimd  in  the  juice 
may  be  considered  as  free,  sulphuric  acid. 

HydrochloHc  acid. — The  quantity  of  hydrochloric  acid,  like  that  of 
sulphuric  acid,  contained  in  lemon  juice  is  very  small.  If,  therefore, 
more  than  traces  be  found  in  a  sample,  it  may  be  safely  assumed  that 
an  addition  of  hydrochloric  acid  has  been  made.    This  is  determined 
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by  precipitation  with  a  solution  of  nitrate  of  silver,  as  described  in  the 

article  on '  Water.'  ,     i  ^     •    i  v. 

Nitric  rtcjj.— The  presence  of  nitnc  acid  may  bo  determined  by 
neutralising  the  lime  juice  with  pure  soda,  and  reducing  the  nitrates 
to  ammonia  by  meaiis  of  aluminium,  as  described  under  the  head  ot 
'  Water.'    The  iron  and  brucine  tests  may  be  employed  as  fiualilative 

ft  is  extremely  unlikely  that  nitric  acid  has  ever  been  employed  m 
the  adulteration  of  lime  juice,  for  it  would  act,  even  m  the  dilute  state, 
upon  the  many  organic  substances  contained  m  that  liquid,  and  it 
would  itself  be  reduced  to  nitric  oxide,  hnparting  a  disagreeable  smeU 
to  the  article,  completely  spoiling  it,  in  fact.     _  •  ,  ■  i 

One  great  characteristic  of  genuine  lemon  jmce  consists  m  the  plea- 
sant taste  and  fragrant  odom-  of  the  extract. 

Results  of  Examination  of  Samples. 
Lemon  Juice. 


Spec.  Grav. 
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2  H.  R.  H. 
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Of  the  live  samples  oi  lemon  jutvt-  e^nii^iuc^,  .v,.^..^  ^  - 
analyses  of  which  are  given  above,  judged  by  the  Board  ot  irad- 
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stoBdard,  whicli  requires  a  specific  gravity  of  1030  with  6-8  per  ceut 
ot  acid,  It  will  be  seen  that  three  of  the  samples  exceeded,  both  in 
respect  to  their  gravity  and  in  the  amount  of  acid,  the  above  standard, 
while  two  were  greatly  below  it,  being  obviously  adulterated,  the  one 
with  a  large  quantity  of  water,  and  the  other  with  both  loater  and  sul- 
phuric acid. 

Of  the      lime  juices  examined,  four  exceeded  the  standard  above 
i-efen-ed  to  while  the  fifth  sample  was  only  slightly  below  it,  and  .the 
^""^  ^^^^^  a  l^i-ge  quantity  of  both  loater  and  sulphuric 

JU^-^^f'^T'  ^^'"'^         '-^^'^ses  that  the  Board  of  Trade  specific 
.gravity  is  too  low  for  the  amoimt  of  acid  which  they  specify,  and  that 
he  grav-ity  shoidd  not  be  less  than  1034,  while  the  proportion  of  acid 

^cPP^f  L'""     ?  j^"'^^^  of  commerce  usually 

.  exceeds  by  nearly  one  per  cent,  the  standard  laid  down  by  the  Board 
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CHAPTER  XLI. 
SAUCES  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTEEATIOX. 

Any  free  sulpViuric  acid  beyond  the  proportion  allowd  in  thp  vineprar  with 
which  they  are  prepared,  or  aay  other  mineral  acid  ;  red  ferniginous  earths,  lead, 
and  copper. 

A  GREAT  variety  of  substances,'  cliiefly  vegetaUe,  enter  into  the  com- 
position of  the  "various  sauces  in  use.  The  following  is  an  enumera- 
tion of  the  chief  of  these  : — Tomato,  garlic,  shallot,  sorrel,  mushroom 
and  walnut  catsup,  raisins,  tamarinds,  the  seeds  of  fenugreek  and 
cumin,  the  leaves  of  a  variety  of  herhs,  as  tarragon,  chervil,  niint, 
thyme,  marjoram,  &c.,  the  seeds  of  an  Indian  plant  called  Dolichos 
sqja  or  soya,  of  which  soy  is  made  ;  a  variety  of  spices  and  condiments, 
as  pepper,  Cayenne,  mustard,  mace,  cloves,  ginger,  and  nearly  all  the 
other  spices ;  salt,  treacle,  and  bm-nt  sugar  as  colom-ing  agents,  and 
flour  as  a  thickening  ingredient.  Out  of  the  ahove  articles,_variously 
comhined,  and  in  different  proportions,  nearly  all  the  sauces  in  use  are 
compounded.  Into  the  composition  of  some  few,  however,  animal 
substances  enter,  as  the  muscular  fibre  of  shrimps,  lobster,  and  an- 
chovy. -3  ■ 

The  following  are  the  chief  results  deducible  from  a  consideration 
of  the  analyses  of  thirty-three  samples  of  sauce  of  different  kinds  : — 

1.  That  treacle  and  much  salt  formed  the  basis  of  the  five  samples  of 

India  Soy  examined,  if  they  did  not  even  entirely  consist  of 
these  two  ingredients.  _  • 

2.  That  of  the  seven  samples  of  Tomato  Satjce  analysed,  six  were 

artificially  coloui'ed,  one  probably  with  cochineal,  and  the  rest  by 
the  addition  of  considerable  quantities  of  the  feiTuginous  pigment 
hole  arnienian. 

3.  That  the  samples  of  Essence  of  Lobsters  examined  were  saturated 

with  very  large  quantities  of  bole  armenian. 

4 .  That  the  samples  of  Essence  oe  Shrimps  were  impregnated  to 

an  equal  extent  with  hole  armenian. 
5  That  the  whole  of  the  samples  of  Essence  of  Anchovies  analysed 
were  adulterated  with  very  large  quantities  of  the  ferruginous 
oxide  bole  annenian. 
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0.  That  tliree  of  the  samples  of  Esseme  of  Anchovy  contained  but  a 
siiiall  quautitv  of  muscular  Jihre. 

7.  That  two  of  the  samples  contained  a  portion  of /om?-— one  bem^ 

a  sample  of  essence  of  shi-imps,  and  the  other  of  essence  ot 
lohster.  .  . 

8.  That  out  of  the  eighteen  eed  sauces  submitted  to  examination,  no 

less  than  sixteen  contained  bole  armenian,  and  this  usually  m 
very  large  quantities,  far  exceeding  the  amounts  detected  in  any 
of  the  potted  meats  and  fish. 

9.  That  LEAD,  for  which  separate  analyses  were  made  m  each  case, 

was  not  detected  in  a  single  instance. 
10.  That  traces  only  of  copper  were  discovered  in  some  three  or  four 

The  above  results,  then,  regarded  as  a  whole,  although  bad  enough, 
are  vet  not  so  bad  or  serious  as  the  account  given  by  Accum  and  some 
other  writers  of  the  adulteration  of  anchovy  paste,  &c.,  would  lead  ua 
to  infer,  since  lead  was  not  detected  in  a  single  instance.  There  is  no 
doubt,  however,  but  that  lead  does  sometimes  occur.  Mitchell^  states, 
'  several  samples  which  we  have  examined  of  this  fish  sauce, "  poisonous 
anchovy  sauce,"  have  been  found  contaminated  with  lead.' 

Fmiher,  it  is  more  than  probable  that  the  muscular  fibre  in 
several  of  the  samples  of  anchovy,  lobster,  and  shrimp  sauce,  con- 
sisted either  entii-ely  or  in  part  of  the  fibre  of  other  inferior  and 

cheaper  fish.  .  ■,  i, 

The  only  effectual  remedy  against  certain  of  the  adulterations  ot 
the  sauces,  especially  the  fish  sauces,  consists  in  their  preparation  at 
home.  Eeceipts  for  several  of  the  sauces  are  given  at  page  512  of 
the  author's  work,  '  Food  and  its  Adulterations.' 

It  appears,  then,  that  the  red  sauces,  as  shrimp,  lobster,  anchoyj', 
and  tomato  sauces,  at  the  time  of  the  analyses  the  residts  of  which 
we  have  just  quoted,  were  almost  invariably  highly  coloured  with  bole 
a  rmenian.  Since  that  period  however,  this  practice  has,  we  are  happy  to 
state,  been  nearly  abandoned.  The  ferruginous  substance  just  named  is 
a  natm-al  earth,  containing  a  large  quantity  of  the  red  oxide  of  iron  ;  but 
frequently  an  article  is  made  in  imitation  of  it,  consisting  of  a  mixture 
of  Venetian  red  and  chalk.  Of  this  red  earth  or  dirt  as  much  as  from 
10  to  15  lbs.  are  added  to  100  gallons  of  anchovy  sauce. 

Oooks  often  colom-  the  sauces  prepared  by  them  for  the  table  with 
carmine ;  this  when  genuine,  is  an  animal  colour,  but  it  is  frequently 
adulterated  with  vermilion. 

Perceiving  clearly  the  evils  connected  with  the  employment  of 
artificial  colouring  matters,  many  of  the  most  respectable  manufac- 
turers have,  to  a  very  great  extent,  abandoned  their  use,  except  iii  the 
case  of  anchovy  sauce,  which  they  state  to  be  unsaleable  without  a 
small  quantity  of  the  colouring  matter.  The  difference  between  the 
ordinary  coloured  and  the  uncoloured  sauce  is  very  strildng ;  the  first 
is  usually  brif  ht  red  —  as  red,  in  fact,  in  some  cases,  as  a  brickbat, 

vv2 
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this  redness  arising  entirely  from  the  introduction  of  the  bole  anne- 
nian — while  the  other  is  usually  of  a  pinkish  fawn  colour. 

The  various  colouring  matters  to  which  reference  has  already  been 
so  frequently  made  are  used  not  merely  for  the  sake  of  increasing  the 
colour  of  the"  articles,  and  thus,  as  it  is  very  often  erroneously  considered, 
improving  their  appearance,  but  likewise  for  other  purposes,  especially 
to  conceal  other  adulterations ;  thus,  when  very  large  quantities  of 
wheat  floiu-  are  added  to  mustard,  or  floiu-  and  sugar  to  cocoa,  the 
natural  colour  of  those  articles  becomes  so  reduced  that  the  addition 
of  some  foreign  colom-ing  matter  is  rendered  necessary. 

Not  unfrequently  the  use  of  these  colouring  matters  involves  con- 
siderations of  cleanliness;  this  is  so  in  the  case  of  anchovy  sauce. 
The  quantity  of  refuse  matters  and  dirt  contained  in  the  fish  from 
which  this  is  prepared  is  often  very  great ;  and  it  is  the  presence  of 
these  more  than  anything  else  wliich  causes  the  sauce  to  present  a, 
somewhat  unsightly  appearance  before  the  red  earth  is  added.  It  is 
this  circumstance  which  has  chiefly  led  to  the  use  of  the  bole  arme- 
nian ;  the  maker,  in  place  of  carefully  remo^sing  the  refuse  and  dirt, 
grinds  it  all  up  with  the  fish,  trusting  to  the  bole  armenian  to  conceal 
the  impm-ities,  thereby  saving  himself  much  trouble  and  some  loss. 
We  are  informed  by  Messrs.  Crosse  &  BlackweU  that  the  impurities 
which  they  are  obliged  to  remove  in  the  preparation  of  the  uncoloured 
anchovy  sauce  are  almost  incredible,  but  that  the  extra  trouble  and 
loss  are  fully  compensated  by  the  greatly  improved  quality  and  flavour 
of  the  article. 

Notwithstanding  this  improvement  in  quality,  so  strong  do  Messrs. 
Crosse  &  BlackweU  find  the  prejudice  in  favom-  of  the  red  sauce 
that  many  ]3arties  absolutely  refuse  to  take  the  uncoloured  sauce — pre- 
fen-ing  the  inferior  article  smiply  because  of  its  redness  ;  and  Messrs. 
Crosse  &  Blacliwell  have  been  reluctantly  driven  again  to  add  a  small 
quantity  of  the  bole  Armenian  to  this  particular  sauce. 

Walnut  Catsup.—^  Quantities  are  daily  met  with,  which  on  chemical 
examination,  are  found  to  abound  with  copper.  Indeed,  this  condi- 
ment is  often  nothing  else  than  the  residue  left  behind  after  the  process 
employed  for  obtaining  distilled  vinegar,  subsequently  diluted  with  a 
decoction  of  the  outer  green  husk  of  the  walnut,  and  seasoned  with 
allspice,  cayenne  pepper,  pimento,  onions,  and  common  SKW—Accum, 
page  319. 
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CHAPTER  XLII. 
AERATED  WATERS  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

The  sale  of  sn-called  soda  or  potash  -watprs  -without  their  respedive  alkalies, 
the  presence  in  lemonade  and  ginger  beer  of  tartaric  acid,  bitartrate  of  potash,  or 
sulphuric  acid. 

Certain  aerated  waters  and  drinks,  as  soda  and  potash  waters,  lemonade 
and  ginger  teer,  are  largely  consumed,  partly  as  medicines  and  partly 
as  pleasant  and  refreshing  beverages.  The  two  last-named  partake  of 
the  character  of  articles  of  food,  and  all  of  them  are  very  liable  to 
adulteration,  with  the  natiu-e  of  which  it  is  very  proper  that  the  food 
analyst  should  be  well  acquainted. 

It  is  very  important,  in  the  manufacture  of  aerated  beverages,  that 
the  water  used  should  be  of  a  high  degree  of  purity,  and  should  espe- 
cially be  free  from  contamination  with  organic  matter.  Some  manu- 
factm-ers  are  very  particular  about  the  quality  of  the  water  they  use, 
while  others  are  as  careless  on  the  subject  and  make  use  of  any  they 
can  obtain. 

Furthermore,  great  care  should  be  taken  that  aU  the  vessels  used 
should  be  of  scrupulous  cleanness,  and  that  none  of  these  waters  should 
be  aUowed  to  remain  in  contact  with  lead  or  any  other  metal  for  any 
length  of  time.  The  neglect  of  this  precaution  explains  the  presence  of 
lead  and  other  metals  in  considerable  amount  in  aerated  waters  in 
many  cases.  Much  att(5ntion  has  recently  been  directed  to  the  presence 
of  metallic  contaminations  in  certain  aerated  waters. 

THE  MAiniFACTTmE  OF  AERATED  WATERS. 

The  most  complete  apparatus  as  yet  devised  for  the  manufacture  of 
aerated  and  soda  waters  may  be  divided  into  three  parts — the  gene- 
rator, the  gasometer,  and  the  vessel  containing  the  solution  to  be  im- 
pregnated with  the  gas. 

The  car1x)nic  acid  gas  used  must  be  of  great  purity.  It  must  be  free 
from  atmospheric  air  and  from  any  gas  which  might  give  it  a  percep- 
tible smell.  The  gas  is  generated  in  a  leaden  cylinder  by  the  action  of 
concentrated  sulphuric  acid  upon  eitlier  finely  powdered  marble  or 
chalk,  or  upon  magnesite,  which  is  essentially  carbonate  of  magnesia. 
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The  mixture  is  constantly  kept  in  motion  hj  means  of  a  stirrer,  which 
passes  through  a  stuffing  "box  on  the  top  of  the  generator.    The  car- 
tonic  acid  escapes  tlirough  a  tube,  and  is  conducted  through  four 
vessels,  to  free  it  from  suiphmetted  hydrogen  and  other  gases.  The 
first  of  these  vessels  contains  a  solution  of  sulphate  of  iron  to  remove 
and  destroy  offensive  gases,  including sulphm-etted  hydrogen,  the  second 
a  mixture  of  sulphate  of  iron  and  carbonate  of  soda  to  absorb  oxygen, 
and  the  two  others  pure  water.    From  the  last  of  these  vessels,  which 
are  made  either  of  strong  glass  or  of  tinned  copper,  the  washed  pure 
carbonic  acid  escapes,  and  is  conducted  into  a  large  upright  cylinder  of 
tinned  copper,  about  six  feet  high,  and  one  and  a  half  foot  in  diameter. 
This  cylinder,  before  the  generation  of  the  gas  bepns,  is  filled  vnth. 
water,  which  by  the  pressiu-e  of  the  gas  produced  is  gradually  forced 
out.    Thus  any  admixture  with  atmospheric  air  is  avoided.    As  soon 
as  this  gasometer  is  quite  filled  with  carbonic  acid,  water  is  pumped  in 
from  the  bottom  to  about  fom--fifths  of  the  capacity  of  the  cylinder  by 
means  of  a  force  pump,  the  gas  being  therefore  subjected  to  a  pressure 
of  five  atmospheres.    The  gasometer  communicates  by  means  of  a  tube 
with  the  vessel  in  which  the  aerated  water  is  to  be  prepared.  This 
vessel  is  a  horizontal  cylinder  of  tinned  copper,  capable  of  holding  about 
250  pints.    It  is  filled  to  the  top  witli  pure  water,  and  then  about  one- 
fifth  of  its  contents  are  allowed  to  run  out,  carbonic  acid  taking  the 
place.    The  impregnator  is  provided  with  a  gauge  to  ascertain  the 
pressure  exerted  upon  the  water  contained  in  it ;  this,  to  facilitate  the 
absorption  of  the  gas,  is  constantly  kept  in  motion  by  means  of  a  stirrer, 
the  axis  of  which  passes  through  the  sides  of  the  vessel.    The  gas  is 
now  allowed  to  enter  from  the  gasoineter  into  the  impregnator  until 
the  fauge  shows  a  pressiire  of  about  two  atmospheres.    The  com- 
munication is  then  shut  off,  and  the  stirrer  is  set  in  motion.    The  car- 
bonic acid  is  rapidly  absorbed  by  the  water,  and  the  pressure  of  coiu-se 
diminishes.  From  time  to  time  this  is  restored  by  opening  the  tap  imtil 
it  permanently  reaches  two  atmospheres,  and  the  gauge  shows  that  the 
water  is  now  sufficientlv  saturated  with  gas ;  the  concenti-ated  saline 
solution  of  potash,  soda,  &c,,  is  introduced  into  the  impregnator  through 
a  screw  hole  at  the  top  of  the  cylinder,  and  the  pressure  is  again  restored 
by  a  fresh  addition  of  carbonic  acid. 

Lastly,  the  liquid  is  drawn  off  into  bottles,  a  specially  constructed 
tap  of  brass  being  employed  in  order  to  reduce  the  loss  of  gas  to  a 

™^°iSiapparatus,  similar  to  that  above  described,  has  been  constructed 
by  Tyler ;  but  it  is  in  some  particulars  not  so  perfect.  Thus,  he  does 
not  pass  the  gas  after  its  liberation  through  a  series  of  washing  bottles, 
but  directly  into  the  gasometer. 
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Soda  Water. 

The  Brrtisli  Pharmacopoeia  directs  that  soda  water  should  con- 
rain  30  grains  of  bicarhonate  of  soda  to  20  ounces  or  one  pint  of 
water,  and  that  as  much  carbonic  acid  should  be  forced  into  it  as  can 
be  introduced  by  the  pressure  of  7  atmospheres.  Each  bottle,  there- 
fore, of  soda  water  should  contain  15  grains  of  bicarbonate  of  soda.  But 
a  very  large  proportion  of  the  soda  waters  ordinarily  sold  do  not  contain 
a  particle  of  soda  ;  they  consist  shnply  of  water  impregnated  with  car- 
bonic acid  gas,  while  in  the  preparation  of  those  which  really  do  contain 
the  alkali  no  fixed  rule  has  hitherto  been  observed,  and  hence  the 
quantity  oi  soda  has  been  found  to  vary  very  greatly. 

The  use  of  a  very  hard  water  for  the  manufacture  of  soda  water 
appears  to  be  most  undesirable  ;  should  the  water  conta,in  chloride  of 
calcium  or  magnesium,  or  the  nitrates  or  sulphates  of  lime  or  magnesia, 
part  of  these  will  become  precipitated  as  carbonates  with  the  formation 
of  salts  of  soda,  and  a  tm'bidity  will  be  produced  in  the  water  which 
is  very  unsightly,  and  which  in  many  cases  would  render  it  unsaleable. 
It  is  true,  however,  that  the  subsequent  impregnation  of  the  water  with 
carbonic  acid  gas  serves  to  redissolve  in  part  the  carbonates ;  but 
any  iron  and  alumina  which  the  water  may  have  contained,  and  which 
had  been  thrown  down  by  the  alkali,  would  not  be  taken  up  again. 

Potash  Water. 

The  British  Pharmacopoeia  also  gives  a  formula  for  the  preparation 
of  potash  water.  This  is  exactly  the  same  as  that  for  the  soda  water, 
so  that  each  bottle  would  contain  15  grains  of  carbonate  of  potash. 

The  remarks  as  to  the  imsuitability  of  hard  water  for  the  manu- 
facture of  soda  water  apply  equally  to  that  of  potash  water.  _  We 
believe  that  potash  water  is  rarely  met  with  without  its  containing 
more  or  less  of  the  alkali,  although  the  amount  is  found  to  vary  greatly 
in  different  cases.  But  now  that  a  standard  has  been  inti-oduced  into 
the  Pharmacopoeia  for  the  manufacture  of  these  waters,  greater  uni- 
formity may  be  expected. 

Lemonade. 

This  beverage  should  consist  of  the  juice  of  the  lemon,  a  certain 
amoimt  of  the  peel  to  flavour  it,  white  sugar  and  %oater  in  certain 
proportions,  the  whole  being  subjected  to  fermentation  by  the  addition 
of  a  little  yeast. 

Thus  prepared,  lemonade  is  really  an  alcoholic  beverage,  the  alcohol 
and  carbonic  acid  being  generated  at  the  expense  of  the  su^ar,  although 
the  amount  of  alcohol  is  but  small,  indeed  scarely  sufficient  to  afi'ect 
the  brain  of  even  the  most  sensitive  teetotaller. 

But  a  very  common  way  of  malring  lemonade  is  to  add  a  propor- 
tion of  syrup  consisting  of  citric  acid  and  sugar  to  water  impregnated 
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•with  carbonic  acid  oras,  the  sugar  not  being  subjected  to  fermentation. 
This  beverage  would  satisfy  the  demands  of  teetotallers,  since  it  does 
not  contain  any  alcohol. 

Very  frequently,  however,  lemonade  is  prepared  in  ways  very  differ- 
ent from  the  above,  and  by  much  cheaper  formula.  Tartaric  acid  and 
bitartrate  of  potash  are  frequently  made  to  do  duty  for  citric  acid. 
Sulphuric  acid  is  in  some  cases  used  in  conjunction  with  the  tartaric 
acid  and  for  the  same  purpose. 

Ginger  Beer. 

Ginger  beer— that  is  to  say,  the  bottled  and  effei-vescent  beverage 
commonly  known  as  ginger  'beer — should  be  prepared  on  the  same 
principle  as  lemonade  ;  the  genuine  article  should  not  contain  any- 
thing but  ginger,  white  sugar,  and  ^vater,  the  mixture  being  subjected, 
in  the  same  manner  as  lemonads,  to  fermentation.  If  anything  further 
be  allowable,  it  should  simply  be  an  addition  perhaps  of  a  little  lemon 
or  other  simple  tiavom-ing,  with  a  view  to  improve  the  taste  of  the 
article.  In  the  case  of  ginger  beer,  then,  the  only  acid  which  should 
be  present  is  carbonic  acid. 

Dr.  Ure  gives  the  following  receipt  for  the  manufacture  of  ginger 
beer  : — '  Boil  65  gallons  of  river  water,  1^  cwt.  of  the  best  loaf  sugar, 
and  6  lbs.  of  the  best  raw  ginger,  bruised,  half  an  hour ;  then  add 
the  whites  of  10  eggs,  beaten  to  a  froth  with  2  ounces  of  dissolved 
isinglass.  Stir  it  well  in,  and  boil  twenty  minutes  longer,  slamming  it 
the  whole  time.  Then  add  the  rinds  of  50  lemons,  boiling  them  ten 
minutes  more.  Cut  28  lbs.  of  good  malaga  raisins  in  half,  take  awav  the 
stones  and  stalks,  and  put  them  with  the  juice  of  the  lemon,  sti-ained. 
into  the  hogshead.  Strain  the  hot  liquor  into  a  cooler,  and  when  it 
has  stood  two  hours  and  is  settled,  draw  it  off  the  lees,  clear,  and  put 
it  into  the  cask  ;  hlter  the  thicli  and  fill  up  with  it.  Leave  the  bimg 
out,  and  when  at  the  proper  temperature  stir  3  quarts  of  thick  fresh 
ale  yeast  well  into  it ;  put  on  the  bung  lightly  and  let  it  ferment  six 
or  seven  days,  tilling  up  with  liquor  as  it  ferments  over  ;  when  the 
fermentation  has  ceased,  pour  iu  6  quarts  of  French  brandy  and 
8  ounces  of  the  best  isinglass,  dissolved  in  a  gallon  of  the  wine,  then 
secure  the  biuig  effectually  and  paste  paper  over  it,  &c.  Keep  it  two 
years  in  a  cool  cellar,  then  bottle  it,  using'  the  best  corks  and  sealing 
them,  and  when  it  is  fom'  years  old  commence  using  it.' 

Dr.  Ure,  in  the  above  receipt,  seems  to  have  aimed  at  the  prepa- 
ration of  ginger  beer  of  remarkable  excellence  and  quality :  the 
beverage  no  doubt  would  have  been  good  and  drinkable  very  shortly 
after  its  manufacture. 

We  believe  that  it  is  a  veiy  uncommon  thing  to  meet  with  a  ginger 
beer  compounded  simply  of  sugar  and  ginger  subjected  to  fermentation. 
Nearly  all  the  articles  sold  as  ginger  beer  iu  the  shops  contain  tartaric 
acid,  bitartrate  of  potash,  or  cream  of  tartar,  and  even  sometimes 
sulphuric  acid. 
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Another  receipt  given  in  '  lire's  Dictionary '  for  tlie  preparation 
ino;er  beer  is  tlie  following: — 


Barbndoes  ginger  root  12  ozi. 
Tartaric  acid     .       .    S  ozs. 


White  sugar 
Gum  arabic 
Essence  of  lemon 
Water 


8  U)s. 

8  ozs. 

2  drachms. 

9  galls. 


The  ginger  root,  bruised,  is  to  be  boiled  for  an  hour ;  the  liquor  having 
been  strained,  the  tartaric  acid  and  sugar  are  added,  and  the  mixture 
boiled  ;  the  gmn  arabic,  dissolved  in  a  separate  portion  of  water,  is  then 
added  with  the  essence  of  lemons.  When  the  whole  has  cooled  to  38 
C.  some  fresh  yeast  is  to  be  added,  and  the  beer  carefully  fermented. 
Then  bottle  for  use. 

Pereira  gives  the  following  fonnula,  for  which  he  was  indebted  to 
Mr.  Pollock,  for  the  preparation  of  ginger  beer  :— '  Take  white  sugar, 
20  lbs. ;  lemon  or  lime  juice,  18  ounces ;  honey,  1  lb.  ;  ginger, 
bruised,  22  ounces  ;  water  18  gallons.  Boil  the  ginger  in  3  gallons 
of  water  for  half  an  horn-;  then  add  the  sugar,  the  juice,  and 
the  honey,  with  the  remainder  of  the  water,  and  strain  through  a 
cloth.  When  cold,  add  the  white  of  one  egg  and  one  half-ounce  of 
essence  of  lemon-,  after  standing  four  days,  bottle.  The  bottles 
are  to  be  laid  on  their  sides  in  a  cellar,  and  the  beer  is  ready  for  use 
in  about  three  weeks.  If  a  little  yeast  be  used,  the  beer  is  ready  in 
a  day  or  two,  but  in  this  case  it  does  not  keep  well.' 

THE  ADTJXTEKATIONS  OS?  AERATED  WATERS. 

In  the  remarks  abeady  made  under  the  heads  of  the  chief  aerated 
beverages  commonly  sold,  namely,  soda  and  potash  waters,  lemonade 
and  ginger  beer,  we  have  indicated  the  principal  adidterations  to 
which  these  several  beverages  are  subject,  but  we  will  here  again 
refer  to  them. 

Much  of  the  soda  water  sold  is  not  soda  water  at  all,  since  it  does 
not  contain  a  particle  of  that  alkali,  but  consists  simply  of  water 
impregnated  with  carbonic  acid  gas.  In  other  cases,  where  the  alkali 
is  present,  the  amount  is  subject  to  the  greatest  possible  variation,  so 
that  nobody  Irnows,  when  he  partakes  of  soda  water,  what  amount  of 
alkali  he  has  consumed.  The  evil  of  this  state  of  things  has  led  the 
compilers  of  the  British  Pharmacopoeia  to  fix  the  quantity  of  car- 
bonate of  soda  at  30  grains  per  20  ounces,  or  15  grains  to  a  bottle. 

With  respect  to  potash  water,  we  believe  that  this  always  contains 
carbonate  of  potash,  but  the  quantity,  like  that  of  the  soda,  is 
subject  to  great  variation  according  to  the  fancy  or  caprice  of  the 
manufacturer. 

Lemonade,  as  has  been  shown,  should  be  made  from  lemon  juice, 
sugar,  and  water  only,  the  mixture  being  subjected  to  fermentation. 
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by  means  of  yeast,  but  such  lemonade  is  rarely  met  with,  as  the  lemon 
juice  is  either  replaced  by  citric  acid  or  it  contains  some  other  acid 
besides  citric,  as  tartaric  acid,  bitartrate  of  potash,  or  sulphuric  acid ; 
while,  lastly,  in  some  cases  tartaric  acid  is  substituted  entirely  for  citric 
acid.  Not  unfrequently  lemonade  is  made,  not  only  without  citric  acid, 
but  even  without  fermentation,  the  carbonic  acid  being  liberated  from 
hiccirhonate  of  soda  by  the  action  of  an  equivalent  quantity  of  tartaric 
add,  an  object  which  is  thus  accomplished : — ^The  acid  and  the 
carbonate,  mixed  together  in  the  right  proportion  and  in  the  dry  state, 
together  in  many  cases  with  powdered  sugar,  are  introduced  into 
bottles  filled  with  water  flavoured  with  lemon  peel  or  essence  of  lemon, 
these  beino-,  when  filled,  rapidly  corked,  so  as  not  to  allow  of  any  escape 
of  carbonic  acid.  The  beverage  thus  prepared  is  very  palatable,  but 
it  is  of  course  a  very  different  thing,  both  dietetically  and  medicinally, 
to  genuine  lemonade. 

In  beverages  thus  compounded,  the  consumer  is  made  to  take  in 
many  cases  a  medicinal  dose  of  tarti-ate  of  soda  or  potash. 

In  like  manner,  ginger  beer  should  be  made  of  ginger,  sugar,  and 
water,  also  subjected  to  fermentation. 

Metallic  Contaminations. 

Most  aerated  beverages,  especially  soda  or  potash  waters,  are 
liable  to  contamination  with  lead,  copper,  tin,  and  zinc.  One  or 
other  of  these  metals  has  recently  been  detected  in  a  large  proportion 
of  the  samples  submitted  to  analysis.  These  waters  may  become 
contaminated  in  several  ways.  Thus,  as  has  already  been  pointed  out, 
the  vessel  in  which  the  water  is  satm'ated  with  carbonic  acid  and  the 
soda  added  is  metallic,  and  is  made  of  copper  lined  with  tin,  or  even  of 
copper  alone.  Next,  the  conducting  pipes  consist  of  metal,  either  lead, 
tin,  copper,  or  brass,  while  the  taps  themselves  consist  usually  of  biuss. 
Again  there  is  risk  of  metallic  contamination  in  the  bottling  of  the 
waters,  whilst  the  last  risk  is  incurred  in  the  small  gazogenes  now  in 
such  general  use,  and  the  construction  of  which  varies  so  greatly. 

Although,  as  a  rule,  the  carbonates  of  the  above  metals  are 
insoluble  in  water,  yet  they  become  readily  dissolved  in  an  excess  of 
carbonic  acid,  bicarbonates  being  formed. 

THE  AJfALYSIS  OF  AERATED  BEVERAGES, 

Processes  have  already  been  given  for  the  detection  and  estimation 
of  most  of  the  constituents  and  adulterants  of  the  aerated  beverages 
included  in  this  article. 

The  amount  of  soda  in  the  soda,  and  potash  in.  the  potash  water 
may  be  estimated  by  talring  the  alkalinity  of  the  residue  left  on 
evaporation,  by  means  of  the  standard  sulphuric  acid  solution,  con- 
taining 40  graimnes  of  sulphuric  acid  in  1  liti'e.    1,000  cc.  of  this 
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solution  correspond  to  53  grammes  of  carbonate  of  soda,  and  to 
G9'l  grammes  of  carbonate  of  potash. 

As  it  is  possible  that  in  some  cases  one  of  these  alltalies  may  be 
substituted  for  the  other,  it  may  be  necessary  to  test  the  residue 
qualitatively  and  then  estimate  it  quaatitatively  in  the  manner  described 
in  the  article  on  '  Tea.'  .  . 

In  the  case  of  lemonade  the  acids  to  be  looked  for  are  citnc, 
tartaric,  and  sulphuric  adds.  About  200  cc.  are  evaporated  to  one-half, 
and  the  acidity  determined  by  the  employment  of  the  usual  standard 
solution  of  caustic  soda.  The  acidity  should  be  calculated  into  citric 
acid.  We  next  proceed  to  discover  whether  tartaric  acid  and  sulphu- 
ric acid  are  present.  The  presence  of  the  first  is  ascertained  by  the 
employment  of  the  methods  already  given  in  the  article  on  '  Lemon 
Juice,'  while  the  process  for  the  estimation  of  the  sulphuric  acid  will 
be  found  under  the  head  of  '  Water.' 

Presuming  that  hitartrate  of  potash  has  been  used,  about  200  cc.  of 
the  lemonade  should  be  evaporated  to  dryness,  the  residue  incinerated, 
the  alkalinity  of  the  ash  taken,  and  if  necessary  the  amount  of  potash 
estimated.  Should  both  cream  of  tartar  and  sulphuric  acid  have  been 
added,  the  solution  will  contain  sulphate  of  potash  and  tartaric  acid. 
In  this  case  a,n  estunation  of  the  sulphuric  acid  as  well  as  of  the  potash 
must  be  made. 

As  is  the  case  with  lemon  and  lime  juice,  so  with  lemonade.  This 
beverage  fi-equently  does  not  contain  a  particle  of  lemon  juice,  but  is 
prepared  with  citric  acid.  The  discrimination  of  those  cases  in  which 
the  acid  has  been  substituted  for  the  juice  is  by  no  means  easy,  and 
would  require  a  minute  and  complicated  analysis,  especially  an  esti- 
mation of  the  potash  in  the  ash. 

In  those  cases  in  which  an  effei-vescing  lemonade  is  prepared  by 
means  of  tartaric  acid  and  bicarbonate  of  soda,  about  50  cc.  of  the 
lemonade  must  be  evaporated  to  diyness  and  the  weight  and  alkalinity 
of  the  ash  taken.  The  amount  of  the  ash  will,  of  coui'se,  greatly 
exceed  that  found  in  any  other  description  of  lemonade. 

The  analysis  of  ginger  beer  embraces  very  nearly  the  same  deter- 
minations, including  even  the  citric  acid,  as  the  lemonade. 

As  we  have  seen,  aerated  waters  are  liable  to  be  contaminated  with 
various  metals,  these  being  derived  in  some  cases  from  the  apparatus 
employed  in  their  manufacture,  and  in  others  from  the  bottles  and 
other  vessels  in  which  the  manufactured  beverage  is  subsequently 
enclosed.  These  metals  are  lead,  tin,  copper,  and  zinc,  the  latter  being 
derived  from  the  brass  tubes  and  taps  employed.  The  processes  to  be 
pursued  for  the  detection  and  estimation  of  these  metals  wiU  be  found 
fully  set  forth  in  the  article  on  '  Vinegar.' 

Estimation  of  the  ca^'bonic  acid. — Lastly,  it  may  in  some  cases  be 
desirable  to  ascertain  the  quantity  of  carbonic  acid  contained  in  a 
sample  of  aerated  water,  and  the  pressure  which  it  exerts  upon  the 
inner  surface  of  the  bottle.    This  pressure  may  easily  be  ascertained  by 
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screwing  tlirougli  the  cork  of  the  bottle  a  preasure  gauge,  such  eus  is 
frequently  used  in  the  case  of  champagne  with  a  view  to  prevent  th(i 
hurating  of  the  bottles. 

For  the  determination  of  the  carbonic  acid,  the  cork  of  the  bottle 
is  to  be  perforated  with  a  screw  tap;  this  is  attached  by  means 
of  an  india-rubber  tube  to  a  small  flask  with  a  doubly  perforated  corlc 
through  which  two  glass  tubes  pass  bent  at  right  angles.  The 
second  glass  tube  is  connected  with  a  tube  filled  with  chloride  of 
calcium ;  this  in  its  turn  stands  in  communication  with  two  tubes 
which  are  filled  with  soda-lime.  These  two  latter  are  weighed  before 
the  experiment  is  commenced.  The  screw  tap  is  now  very  gradually 
opened,  and  the  carbonic  acid  is  allowed  to  escape.  The  gas  is  dried 
bv  the  cliloride  of  calcium,  and  is  then  absorbed  in  the  soda-lime  tubes. 
When  no  more  bubbles  escape  from  the  water,  the  bottle  is  gently 
heated  in  a  water-bath,  whereby  an  additional  quantity  of  carbonic 
acid  is  obtained.  The  cork  of  the  bottle  is  then  loosened,  and  air  is 
sucked  thi'ough  the  apparatus  to  remove  the  carbonic  acid  which  fills 
the  flask  and  tubes.  The  cork  is  now  removed,  and  an  aimuoniacal 
solution  of  chloride  of  calcium  is  added  to  the  water  contained  in  the 
bottle,  which  is  again  corked  and  allowed  to  remain  at  rest  for  some 
days.  The  soda-lime  tubes  are  next  weighed,  their  increase  of  weight 
o-iving  the  quantity  of  carbonic  acid  which  has  been  absorbed. 

The  ammoniacal  solution  of  chloride  of  calcium  throws  down  the 
carbonic  acid  still  remaining  dissolved  in  the  water,  as  carbonate  of 
lime,  which  is  to  be  collected,  dried,  weighed,  and  the  carbonic  acid 
calculated  from  it.  The  additional  quantity  of  carbonic  acid  thus  ob- 
tained is  to  be  added  to  that  contained  in  the  soda-lime  tubes. 
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CHAPTER  XLIII. 
MALT  BEVERAGES  AND  THEIR  ADULTERATIONS 

DEFINITION  OF  ADULTERATION. 

Any  other  substances  than  the  constituents  of  malt  and  their  derivatives, 
hops  and  water  in  such  proportion  as  in  the  case  of  btout,  strong  and  pale  ale,  to 
reduce  the  absolute  alcohol  to  less  thi.n  4-5  per  cent,  and  in  porter  aud  beer  to 
under  3-5  per  cent.  Although  the  law  allows  the  addition  of  both  sugar  and 
salt,  we  regard  these  additions  as  adulterations. 

Malt  'beverages  sliould  consist  solely  of  the  produce  of  malt  and  hops, 
the  former  of  which  has  heen  suhject  to  fermentation.  And  aU  the 
varieties  of  these  heverages  should  he  due  to  these  alone. 

The  colour  should  he  due  solely  to  the  degree  of  heat  to  which  the 
malt  has  heen  suhjected  in  the  kiln,  and  to  the  ripeness  and  colour  of 
the  hops  employed.  Thus  for  bittei-  heer  the  palest  malt  and  hops 
only  should  he  used  ;  for  porter  and  stout  the  reverse  is  the  case. 
The  malt  should  he  hriskly  dried,  until  the  flower  of  the  gTain  is 
of  a  light  hrown  coloui",  and  crushes  with  a  crisp  friahility  Between 
the  teeth ;  the  hops,  also,  should  have  hung  in  the  autiunn  sun  till 
they  have  attained  a  rich  golden  hue,  and  the  seeds  are  perfectly 
developed.  With  aU  attention  to  these  requirements,  however,  many 
kinds  of  heer  hrewed  would  still  he  far  from  possessing  the  necessary 
coloirr  and  flavour,  and  to  attain  these  the  maltster  is  compelled  to 
prepare  malt  in  a  peculiar  manner,  and  to  make  use  of  hrown  or  hlack 
matt.  It  must  he  remembered,  nevertheless,  that  the  strength  of  the 
porter  is  due  almost  entirely  to  the  pale  malt,  as  the  other  kinds  have 
their  saccharine  properties  so  altered  hy  roasting  as  to  render  them 
nearly  useless,  except  for  colour  and  flavour,  as  before  mentioned. 

In  addition  to  the  distinctive  colom'  of  porter  and  stout,  there  is  one 
other  requisite  of  still  greater  importance — namely,  the  peculiarity 
of  the  fermentation.  Up  to  the  commencement  of  the  last  stage  of 
the  process  of  brewing,  the  manufacture  of  porter  is  conducted  in 
exactly  the  same  manner  as  that  of  ale,  with  the  addition  of  the  different 
flavouring  and  colouring  malts  before  mentioned ;  but  dm-ing-  the  fer- 
mentation the  great  change  is  effected,  all  the  sugar  being  converted 
into  spirit,  excepting  only  such  portion  as  is  required  to  preserve  the 
beer  from  the  acetous  fermentation,  and  which  is  less  than  in  ale,  by 
reason  of  the  larger  amount  of  hops  used  in  proportion  to  the  strength 
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of  the  woi-t.  The  difference  will  be  best  appreciated  by  the  following- 
figures.  Good  porter  should  weigh  about  twenty-two  pounds  specific 
gi'avity  above  water  per  baiTel  of  thirty-six  gallons  before  the  fermeu- 
tdtion,  and  single  X  ale  about  the  same  ;  but  after  fermentation,  tLo 
porter  will  be  foimd  to  retain  only  five  pounds  weight  per  barrel, 
while  the  ale  has  seven.  Thus,  ordinary  ale  is  more  liable  to  derang(; 
the  stomach,  by  reason  of  its  greater  sweetness,  while  porter  is  more 
heady  in  proportion  to  its  strength,  and  soporific  in  its  tendency, 
from  the  greater  proportion  of  hops  used. 

It  will  be  proper  to  make  a  few  remarks,  as  succinct  as  possible, 
upon  the  preparation  of  malt  and  hops  before  they  come  into  the 
brewer's  hands ;  and  upon  isinglass,  the  only  substance  which  should 
be  used  for  fining  beer.  It  may  be  weU  to  observe,  before  doing  this, 
that  sugar  is  permitted  by  law  to  be  used  for  brewing,  and  has  been 
and  will  be  consumed  extensively  whenever  malt  rises  to  a  sufhciently 
high  price  to  render  it  profitable:  nevertheless  it  is  advisedly  the 
dogma  that  '  porter  and  stout  (and  indeed  all  malt  liquors)  should  be 
brewed  of  malt  and  hops  only,'  as  was  enunciated  in  the  commence- 
ment of  this  article ;  for  beer  brewed  from  sugar  has  greater  tendency 
to  the  acetous  fermentation  than  that  prepared  from  malt. 


MALT. 

Malt  is  barley  in  which  germination  has  been  carried  on  to  a 
certain  extent  and  then  suddenly  cut  off  by  the  application  of  heat. 
The  process  of  malting  is  conducted  as  follows : — The  barley  is  steeped  in 
a  cistern  of  water  for  two  or  three  days  till  well  swollen :  the  liquor 
is  then  drawn  off,  the  barley  left  to  drain  for  five  or  six  hom-s,  after 
which  it  is  distributed  in  layers  on  the  slate  floors  of  the  malt-house ; 
it  now  becomes  spontaneously  very  warm  and  quickly  germinates.  As 
soon  as  the  radicle  has  made  its  appearance  the  barley  is  spread  out  in 
a  thinner  layer  in  order  to  stop  the  germination,  and  is  turned  over 
for  two  days,  it  is  then  made  up  into  a  heap  until  it  again  becomes 
heated,  which  happens  usually  in  about  a  day.  The  germination  is 
known  to  be  complete  when  what  is  called  the  acrospire  has  reached 
three  parts  of  the  way  up  the  grain,  particularly  observable  by  a 
thickening  in  the  back  of  the  grains  of  barley,  when  the  grain,  taken 
between  the  thumb  and  fingers  and  pressed,  discharges  its  contents  in 
the  form  of  flour,  and  when  it  becomes  so  soft  that  it  is  easUy  pierced 
by  a  needle.  Dm-ing  this  stage  the  malt  emits  a  smell  resembling 
that  of  cucumber.    The  dm-ation  of  germination  in  England  is  about 


Barley.  Malt. 


fourteen  days,  but  in  Scotland  from  eighteen  to  twenty-one  days  are 
required,  owing  to  the  lower  temperatm-e  of  the  couch.  When  the 
grain  has  arrived  at  this  condition,  it  is  thrown  into  the  kiln  in  a  layer  of 
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from  three  to  five  inches  in  thickness,  according  to  circumstances,  and 
\\  hile  there  it  is  turned  over  ouco  or  twice  in  ahout  twenty-four 
liom-s.    The  kiln  has  a  wire-gauze  bottom,  throug-h  which  the  heated 
air  from  a  fm-nace  of  Welsh  coal  ascends.    The  brislmess  of  the  fire 
d  the  time  of  diyiug  depend  upon  the  colour  required  in  the  malt. 
1  he  process  is  then  complete,  with  the  exception  of  screening  away  the 
• '  malt  dust  '—the  dried  roots  of  the  embryo  plant,  a  very  nutiitious 
■  food  for  cattle,  but  which  also  does  duty  sometimes  for  gTOund  coffee, 
Scotch  snuff,  and  other  articles. 

In  the  choice  of  malt,  the  brewer  is  guided  by  the  growth  of  the 
iiacrospire,  as,  if  it  be  not  sufficiently  developed,  there  is  less  saccharine 
I  mattep  in  the  grain  than  is  requisite,  and  more  gluten  ;  and,  if  over- 
.  grown,  the  saccharine  matter  is  absorbed  in  the  progress  of  germi- 
;  nation. 

Malt  contains,  besides  saccharine  matter,  a  substance  called  diastase, 
'  which,  in  the  mash  tun,  by  the  action  of  hot  water  and  agitation  by 
I  machinery,  converts  the  greater  pprtion  of  the  starch  into  sugar. 

The  pale  malt  thus  manufactm-ed  is  the  base  and  strength  of  all 
!  malt  liquors.  It  now  remains  to  notice  the  other  malts  used  for  the 
I  purpose  of  fiavom-ing  and  coloiu-ing  stout  and  porter. 

Amber  malt,  used  in  the  proportion  to  pale  malt  of  one-eighth  part, 
.  differs  merely  in  being  dried  at  last  faster  than  the  ordinary  kind,  and 
'  by  a  hotter  fii-e.  The  delicacy  of  the  flavour  of  stout  is  much  de- 
•  pendent  upon  this  malt. 

Broti>n  or  black  malt  is  of  a  darker  colour  externally,  but  in- 
ternally it  is  of  a  deep  brown  colom-.  It  is  manufactm-ed  by  being 
placed  in  the  Mln  in  a  layer  of  only  one  inch  in  thickness,  and  di'ied 
by  a  fierce  fire  of  wood  in  a  very  short  space  of  time.  This  malt,  used 
in  the  proportion  of  one-half  of  the  pale  malt,  is  the  som-ce  of  the 
rich  empyreumatic  flavour  of  stout  and  porter,  and  does  much  towards 
its  colour ;  but  this  is  finally  completed  by  wliat  is  called  patent  malt, 
which  is  of  a  very  dark  brown  colom-.  This  malt  is  pale  malt, 
perfected  in  the  kiln  in  the  ordinary  way,  and  roasted  in  a  similar 
manner  to  coffee,  only  on  a  much  greater  scale.  The  colom*  of 
porter,  as  before  mentioned,  is  principally  due  to  this  malt ;  but  it  is 
so  powerful  an  agent,  that  not  more  than  one-fiftieth  part  of  it  is  used 
in  proportion  to  the  other  malts. 

Pale  malt  is  made  at  a  temperature  not  exceeding  from  32° 
to  38°  0.;  amber  malt  at  from  49°  to  52°  0. ;  brown  malt  from  65° 
to  76°  0.  Patent  or  black  malt  at  a  temperature  fi-om  182°  to 
200°  0. 

Daring  germination  part  of  the  nitrogenous  matter  of  the  grain 
passes  into  the  state  of  diastase,  in  which  it  acts  as  a  ferment,  causrug 
a  part  of  the  starch  to  be  converted  into  dextrin  and  sugar.  A 
further  portion  of  the  starch  is  converted  during  the  Idln  drying,  while, 
lastly,  in  the  mash  tun  the  last  portion  of  the  starch  is  transformed 
into  dextrin  and  glucose. 
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It  has  been  found  that  the  diastase  of  the  malt  is  capable  of 
con  verting  a  much  larger  quantity  of  starch  into  sugar  than  th;it 
contained  in  the  malt  itself,  and  hence  in  the  making  of  beer  the  malt 
is,  in  some  countries,  mixed  with  unmalted  barley  and  other  grain. 
It  is  said  that  in  Belgium  beer  is  prepared  from  malt  mixed  with 
potato  starch. 

Diastase. — This  is  the  substance  to  which  malt  owes  its  property 
of. converting  starch  into  dextrin.  It  does  not  exist  in  all  parts  of  the 
grain,  and  is  usually  most  abundant  near  the  plumule.  It  is  not  found 
in  the  grain  before  germination.  It  is  a  white  substance,  inso- 
luble in  absolute  alcohol,  but  soluble  in  dilute  alcohol  and  water. 
Its  aqueous  solution  is  neutral  to  test  paper,  and  is  not  precipitated 
by  basic  acetate  of  lead.  When  placed  in  a  solution  of  boiled  starch 
at  70°  C.  it  quickly  decomposes  that  substance,  and  converts  it 
first  into  dextrin  and  then  into  glucose.  At  a  boiling  temperature  this 
decomposition  is  instantaneous.  One  part  of  diastase,  according  to 
Payen  and  Persoz,  is  capable  of  converting  2,000  parts  of  starch.  A 
solution  of  diastase  quicldy  becomes  acid,  and  it  then  loses  its  power.  Its 
action  on  starch  is  destroyed  \>y  most  of  the  stronger  acids,  and  even 
by  tartaric  and  citric  acid,  but  only  slightly  by  acetic  acid.  It  is  also 
prevented  by  caustic  potash,  soda,  or  lime,  and  in  a  less  degree  by  mag- 
nesia, ammonia,  and  the  alkaline  carbonates.  According  to  Bouchardat 
alcohol  and  ether  exert  no  influence. 

Prepai-ation  of  Diastase. — The  malt  is  treated  with  water  at  from 
25°  to  30°  0. ;  the  solution  is  heated  to  70°  C.  in  order  to  coagulate  the 
albiuuinous  substances,  and  the  diastase  is  precipitated  by  absolute 
alcohol.  It  is  pmified  by  redissolving  and  reprecipitating  it.  The  pro- 
portion of  diastase  in  malt  is  stated  not  to  exceed  0-002  to  0-00.3  per 
cent. 

Maltose  is  the  name  given  by  Dubrunfaut  to  the  sugar  produced  by 
the  action  of  the  diastase  on  malt  starch.  It  resembles  dextroglucose 
in  its  crystalline  form,  but  its  dextrorotatory  power  is  three  times  as 
great.  It  is  converted  into  dextroglucose  by  boiling  with  dilute 
sulphiuric  acid. 

The  cellulose  in  malt  is  almost  entirely  destroyed.  The  presence  of 
cellulose  in  the  raw  grain,  and  its  comparative  absence  in  malt  may  be 
readily  shown  by  tearing  into  pieces  with  needles  sections  of  the  grain, 
and  washing  away  the  starch. 

It  -will  be  seen  imder  the  microscope  that  malt  still  contains  a 
considerable  quantity  of  starch,  there  being  a  great  many  granules 
visible  which  do  not  appear  to  have  imdergone  any  alteration  in  form 
or  substance.  Only  about  one-half  of  the  starch,  it  is  said,  is  converted 
into  sugar  during  malting.  _ 

The  barley  dm-ing  malting  absorbs  oxygen  and  emits  carbonic  acid. 
The  grain  loses  from  1-5  to  3  per  cent,  of  its  weight ;  the  gluten  and 
mucilage  to  a  great  degree  disappear  ;  the  coloiu:  becomes  whiter,  and 
the  substance  of  the  barley  so  brittle  that  it  readily  crumbles. 
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The  ■bullc  of  good  malt  exceeds  that  of  the  barley  from  which  it  is 
obtained  by  about  8  or  9  per  cent. 


HOPS. 


Hops  consist  of  the  female  flowers  or  catkins  of  a  diceceous  plant, 
Ilumulus  Lupidus,  belonging  to  the  natiu-al  order  Urticace^.  English 
:  hops  are  chiefly  grown  in  the  counties  of  Kent,  Sussex,  and  burrey ;  but 
also  in  Nottingham  and  Worcestershire.  ^      .        i   -u  4.i 

Hops  are  a  very  delicate  and  precarious  crop,  aftected  greatly  by  tJie 
■■weather,  and  they  also  fall  a  prey  to  various  kinds  of  blight,  oi  which 
tthe  most  devastating  are  the  fly,  and  mould  or  rust.  The  former  is  the 
\weU-known  green  insect  and  black  fly  that  attacks  the  rose  plants  ;  and 
.its  ravages  are  so  great  that  three-fourths  of  the  year's  crops  are  some- 
times  sacrificed.  The  latter  is  a  fungus  which  attacks  the  hop  itsell, 
;  and  not  only  prevents  its  proper  development  and  thus  desti-oys  its 
•.preservative  properties,  but  also  communicates  an  unpleasant  flavour  to 

Like  the  vine,  the  hop  loves  the  sun,  and  can  scarcely  have  too 

■  much  of  it;  it  also  resembles  that  plant  in  the  soils  and  situations  it 
imost  prefers— the  sunny  sides  of  sloping  hills,  and  the  well-cultivated 
-soil  of  Kent,  resting  on  the  Kentish  rag  or  ironstone.    The  most 

choice  hops  are  grown  in  East  Kent,  and  those  next  in  estimation  in 
Mid-Kent,    In  ordinary  seasons,  the  hops  grown  in  Kent  nearly 

■  suffice  for  all  the  malt  liquors  brewed  in  England  ;  but  in  seasons  ol 
■scarcity  foreign  hops  are  much  used.  Hitherco,  the  hops  grown  in 
;  Belgium  have -been  considered  the  best,  and,  in  appearance,  there  is 
I  no  doubt  they  are  so,  as  the  Belgian  growers  have  taken  great  pams  to 
i imitate  our  mode  of  preparation  and  packing;  but  the  Bavanan  hops 
,  are  really  much  finer  in  quality  and  flavour,  and  the  ai-oma^  is  more 
1  perfectly  preserved  by  their  method  of  preparation,  which  ditiers  from 


1 

ours. 


Some  few  hops  are  imported  from  America,  but  though  very  power- 
:ful,  they  are  so  rank  and  peculiar  in  flavour  that,  without  great  im- 
iprovement  in  cultivation,  they  are  never  likely  to  be  extensively 
used. 

The  preparation  of  hops  is  a  very  simple  process,  and_  may  be 
described  in  few  words.  The  poles,  with  the  hop  plants  still  hang- 
i  ing  on  them,  are  pulled  from  the  ground,  when  the  hops  are  picked, 
1  principally  by  women  and  children,  to  a  great  number  of  _  whom  it 
.  aflbrds  temporary  employment ;  they  are  then  dried  on  a  kiln,  some- 
■  what  resembling  the  malt  kiln,  but  the  heat  is  much  less,  and  should 
:not  exceed  60'' 0.,  the  test  of  their  being  sufficiently  dried  being 
!  the  snapping  of  the  flower-stalk ;  the  floor  of  the  kiln  is  made_  of 
;  hair-cloth.  A  small  portion  of  sidphm-  is  burned  on  the  kiln  fire, 
:  for  the  purpose,  partly,  of  preserving  the  hops— at  least  this  is  the 

I  X 


674 


MALT  BEVERAaES  AND  THEIR  ADULTERATIONS. 


plea,  and  tliere  may  be  some  truth  in  it,  as  tlie  sulphur  may  destroy 
any  insect  or  fungus  remaining  in  the  hops — but  the  great  reason  for 
the  use  of  sulphur  is  its  bleaching  property,  which  renders  the  hops 
more  sightly  to  the  eye.  After  they  have  been  thus  dried  and  bleached 
they  are  packed  tightly  into  the  bags,  or  pockets,  as  they  are  called, 
to  exclude  the  air.  They  are  packed  so  tightly  by  the  hydraulic 
press  that  they  become  sufficiently  solid  to  be  cut  in  blocks  with  a 
knife. 

All  English  hops  are  prepared  in  this  manner,  and  the  Belgians, 

Fig.  205. 


Portion  ot  leaf  and  glanii  ot  Hop.   Magnified  100  diametera. 

findiue  that  the  bleaching  and  packing  have  a  great  effect  upon  the 
eve  have  followed  our  example;  but  the  Bavarian  growers  stUl 
adhere  to  the  custom  of  their  ancestors,  and  it  is  to  be  hoped  ther 
will  continue  to  do  so,  with  increased  attention  to  cultivation  and 
packing,  which  will  render  their  hops  equal  to  the  best  English 

The  inode  in  use  in  Bavaria  is  as  follows : — When  the  hops  are  ripe 
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the  plant  is  cut  off  close  to  tlie  ground,  and  the  hops  are  left  on  the 
poles  to  dry  in  the  sun.  This  method  preserves  the  aroma  entirely, 
and  all  the  essential  oil ;  the  consequence  is  that,  although  they  are 
packed  loosely  in  bales  and  look  like  withered  leaves,  they  have  more 
strength  and  flavour  in  proportion  to  their  quality  than  the  English 


hops.  It  is  somewhat  premature  to  speak  of  this  method  as  regards 
the  preservation  of  the  hops  compared  with  that  followed  m  England, 
as  the  Bavarian  hops  are  a  recent  importation ;  in  our  variable  climate 
the  process  by  which  they  are  dried  would  be  unsuitable  ;  but  this  at 
least  may  be  deduced  from  the  comparison,  that  great  care  should  be 

T  -r  9. 
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taken  in  the  use  of  the  sulphur  that  the  flavour  is  not  affected  ;  and 
also  that  a  very  low  degree  of  heat  is  advisable,  as  there  is  no  doubt 
much  of  the  essential  oil  flies  ofl"  in  the  drying  process. 

Hops  prepared  in  the  English  manner  frequently  become  brovrn 
and  musty  by  keeping.  In  such  a  condition  they  are  wholly 
unsaleable  ;  but  often  so  great  is  the  demand  for  hops  that  the  most 
worthless  descriptions  of  foreign  hops  are  purchased,  and  subjected  to 
fumigation — by  which  means  their  colour  is  restored,  and  their  pro- 
perty of  checking  fermentation  revived.  To  elfect  this,  as  much  as 
10  lbs.  of  sulphur  are  employed  in  some  cases  for  every  hundredweight 
of  hops.  As  large  a  quantity  as  1-0  per  cent,  of  free  sulphuric  acid 
has  been  met  with  in  samples  of  bleached  hops ;  this  acid  is  formed  bv 
the  oxidation  of  the  sulphm-ous  acid  generated  during  the  bleaching 
process. 

The  catkins  consist  of  scales,  of  a  pale  yellow  colour  when  ripe, 
at  the  base  of  which  are  small  rounded  seeds  of  a  reddish  colour. 
They  are  imbedded  in  a  yellow  powder,  which  is  the  most  valuable 
part  of  the  hop.  The  hop  should  not  be  gathered  until  the  seed  is 
well  ripened,  '\^^len  rubbed  hops  should  have  a  resinous  feeling,  with 
an  aromatic  odom*.  They  should  not  present  any  green  specks,  nor  should 
there  be  any  appearance  of  a  fimgus  on  the  stem  of  the  flower. 

Payen  and  Ohevallier's  analysis  of  hops  is  as  follows  : — 


Volatile  oil   2-00 

Lupulin      .       .       .       .       .       .       .  10-30. 

Eesin   65-00 

Lignin   32-00 

Loss   0-70 


100-00 

With  traces  of  fatty,  astringent  and  gummy  matters,  and  malic  acid. 

The  yellow  lupulinic  gi-ains,  which  used  formerly  to  be  called  farina 
or  pollen,  but  which  really  consist  of  crude  lupulin,  are  said  in  good 
samples  to  amount  to  one-sixth  of  the  weight  of  the  hops.  According 
to  Dr.  Ives  this  powder  has  the  following  composition : — 


Tannin   4-16 

Extractive   8-33  • 

Bitter  principle   9-16 

Wax   10-00 

■Resin   30-00 

Lignin   38-33 


99-98 

Messrs.  Payen,  Ohevallier  and  Pelletan  give  the  composition  of  the 
lupulinic  grains  as  follows  : — 
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Volatile  oil  2-00 

 :  32-22 

tT.  :  _o;7o 

100-00 

The  substance  ordinarily  called  lupulin,  bat  tvliich  is  in  /act  a 
mixtm-e  of  lupulin  with  a  variety  of  other  substances,  when  distilled 
with  water,  yields  valenanic  acid,  and  a  volatile  oil  containing  a  Ayrfro- 
carbon,  together  with  valerol. 

The  resinous  matter  which  remains  after  the  distillation  stiU  con- 
tains valerol,  and,  when  distilled  with  slaked  lime,  yields  vcileraldehyde. 

According  to  R.  Wagner,  the  volatile  oil  consists  of  a  mixture  oi  a 
hvdrocarbon,"  isomeric  with  oil  of  turpentine,  and  a  substance,  ap- 
parently identical  with  valerol,  which  may  be  oxidised  into  valenanic 
acid,  and  hence  hops  acquire,  by  keeping,  the  odour  of  cheese.     _  _ 

According  to  Person,  lupulin  distilled  with  water  yields  valenanic 
acid  and  an  oil  lighter  than  water,  at  first  neutral,  but^  after  a  while 
becoming  acid  and  resinous ;  it  begins  to  boil  at  140°  0.,  but  the 
boiling  point  gradually  rises  to  300°  0.  j. .  • 

Heated  with  alcohol,  lupulin  yields  about  65  per  cent,  of  its  weight, 
consisting  of  resin,  extractive  matter  and  tannin— the  two  latter 
soluble  in  water,  whereas  the  resin,  which  forms  about  62  per  cent, 
of  the  lupulin,  is  insoluble. 

The  bitter  principle  of  the  hop,  lupulite  or  true  lupulin,  amounts, 
according  to  Payen  and  Ohevallier,  to  between  8-3  and  12-5  per 
cent,  of ''the  crude  lupulin,  and,  according  to  Ives,  to  about  10  per 
cent.  It  is  dissolved  out,  together  with  malic  acid,  by  digestion  of  the 
crude  lupulin  in  water.  To  separate  it,  the  malic  acid  is  neutralised 
with  chalk,  the  liquid  evaporated  to  dryness,  and  the  residue  treated 
with  ether,  whereby  a  small  quantity  of  resin  is  removed.  The  lupu- 
lite is  next  separated  from  the  malate  of  calcium  by  means  of  alcohol, 
when,  on  the  evaporation  of  the  alcoholic  extract,  it  is  obtained  in 
a  pure  state. 

When  heated,  lupulin  emits  the  characteristic  smell  and  possesses 
the  peculiar  bitterness  of  hops.  It  is  soluble  to  the  extent  of  6  per 
cent,  in  water,  and,  while  it  is  quite  soluble  in  alcohol,  it  is  only 
slightly  so  in  ether. 

The  presence  of  the  tannin  in  the  hops  is  supposed  to  be  important, 
it  aiding  the  precipitation  of  the  nitrogenous  matter  of  the  malt, 
and  so  assisting  the  clarification  of  the  beer. 

According  to  A.  Wagner,  the  tannin  amounts  to  between  3-5  and 
5-7  per  cent,  of  the  hops. 

The  following  analyses  of  the  ash  of  hops  have  been  made: — 
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Way  and  Ogston. 

ET.  Watts. 

Bentley 

vaviit.v 

Gelding 

V  U 1  iU  uj  • 

Grape 
variety. 

vrrape 
variety. 

Potash 

Q/f.QQ 

^0-66 

19-41 

Soda  .... 

0-70 

Lime  .... 

17.93 

91  -t^Q 

14*15 

Magnesia  . 

5.94 

0.7 

0 

5-34 

Alumina 

1-18 

Oxide  of  iron 

X  ou 

1  -7^ 
i  /  0 

t  .At 

1-41 

2-71 

Sulphuric  acid  . 

7-01 

7-27 

11-68 

8-28 

Chlorine 

2-26 

Silica  .... 

22-97 

19-71 

9-99 

17-88 

5-M 

2-17 

4-.'j4 

iroi 

Phosphoric  acid  . 

21-38 

14-47 

17-58 

14-64 

Chloride  of  potassium  . 

5-46 

4-34 

Chloride  of  sodium 

3-42 

012 

Charcoal  and  loss 

2-44 

Ash  per  cent,  of  dry  ) 
substance        .  *  J 
Ash  per  cent,  of  fresh  ) 
substance        .  J 

99-96 
8-07 

7-27 

99-95 
5-95 

5-22 

98-96 
7-21 

6-52 

100-00 
6-5 

Properties  of  hops. — Tlie  volatile  oil  contained  in  the  hops  possesses 
marked  narcotic  properties.  Hence  a  pillow  of  the  catkins  has  often 
been  prescribed  to  promote  sleep  in  cases  where  the  administration  of 
opium  would  be  objectionable. 

The  infusion  of  hops  is  an  aromatic  tonic,  and  it  sometimes  acts  as 
a  diui'etic  and  sudorific. 

'  The  lupulinic  grains  are  also  aromatic  and  tonic,  and  are  soothing, 
tranquillising,  and  slightly  sedative.  Hops  have  been  administered 
internally  to  relieve  restlessness  consequent  upon  exhaustion  or  fatigue, 
to  induce  sleep  m  the  wakefulness  of  mania  and  other  maladies,  to 
calm  nervous  irritation,  and  to  relieve  pain  in  gout  and  rheumatism. 
They  have  also  been  applied  topically  in  the  form  of  a  fomentation 
or  poultice,  as  a  resolvent  or  discutient  in  painful  swellings  or  tumours.' 
— Pereira. 

PININGS. 

We  may  now  add  a  few  words  upon  brewers'  finings.  These  consist 
chiefly  of  isinglass  or  sometimes  gelatin.  The  isinglass  used  by  brewers 
is  the  cartilage  of  the  stm-geon  and  other  fish.  The  brewer  buys  his 
isinglass  as  imported,  in  rough  pieces,  as  also  the  dressings  and  pickings 
rejected  in  the  preparation  of  the  finer  sorts  of  isinglass  for  the 
confectioner,  &c.  The  '  finings  '  for  porter  are  thus  prepared : — The 
isinglass  is  put  into  some  sour  beer  to  dissolve,  technically  to  cut, 
which  takes  place  in  difierent  times,  according  to  the  land  of  isinglass 
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.^ade  use  of.    Soxuetimes  white  of  egg,  Berum  of  blood,  and  even 
[toageen  moss  are  employed  as  finings  tor  beer. 

THE  BREWING  OF  BEEB. 

^  #    Tt,  nrdpr  to  make  tbe  wort  tte  malt  is 

it  is  ti-ansferred  to  a  copper  m  which  it  is  ^""^^^  ^'^^  . 
ifter  being  sufficiently  boiled  it  is  d^r^^^/^f  ^J^S 
wooden  vessels  termed  coolers;  from  ^^^^^^V^,;'  ^""^ 
fei-mentincr  vats,  which  in  some  cases  are  of  large  capacity,  auu 

S:iUs°mixed  wiW  «  f^  'SS'S^^^^  - 

astSTiSofithT^th^^^^^^ 

^rW  add,  a  great  part  of  the  latter  escaping  as  gas ; 

fermentation  the"  quantity  of  yeast  is  greatly  ^^^^P^^f '^^^^^^ 

unon  the  nitrogenous  matter  of  the  malt,  the  new  ye^s*  ™us  aicun^ 

r^first  added  in  the  tmnsformation  of      f .^^^^^^^^^  t 

fermentation  proceeds,  the  yeast  forms  a  thick  frothy  layer  on  tne 

X  alcohol         the  beer  thus  "becoming  stronger  and  less  sweet 
WMlfkitL  casks  the  beer  becomes  cleaa-  and  bright,  an  add;  W 
auSv  of  yeast  coUects  on  the  surface,  and  is  throw  oft  thiough 
r  W-hol?s.    Sometimes,  however,  it  is  necessary,  when  the  beer 
does  Stecome  sufficiently  clear  and  bright,  to  employ  finings 

%here  is  of  course,  great  variety  in  the  physical  characters  and 
QuaHtY  of  Se  mS  bev'er^es  manufactured  in  this  country.  They  may 
brdi^ded  into  the  and  the  strong,  according  to  the  amoimt  ot 

alcohd  which  they  contain;  into  the  S20eet  ^nd  the  dry  m  accoi-dance 
S  thnmountof  saccharine  matter  wh  ch  tbey  have  been  aUowed 
to  retain  Sweet  beers,  when  bottled,  undergo  fui'ther  fermentatipn, 
riin^  rise  t^  fresh  formation  of  alcohol  and  carbomc  acid,  causing 
SSe^Tei-s  to  become  effervescent  when  the  bottles  are  uncorked 
Then  thSe  are  the  bitter  beers  and  the  pale  ales,  the  brown  ales  and 

''^'^t^'mlSJti:^^^^  pale  ale  the  best  and  palest 

malt  and  h'ps  are  used,  and  great  care  is  taken  that  the^^^^^^^^^^ 
during  fermentation  should  not  rise  above  22  0. ,  .^^  t^^j;^^^;';^^ 
flavoi-  and  aroma  of  the  hops  are  best  preserved,  while  the  tendency  to 
the  formation  of  acetic  acid  IS  lessened.  o^,.  W  PTtrant- 

S^nall  bee?'  is  of  course  very  weak,  and  is  usually  made  by  extract- 
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Iftutt  wot^"'"'^*^  ''''  ''^''^^^  '^''^'^^  the  preparation 

fof     ^^„\been  ascertained  that  the  temperature  at  which  the  ferm^n 
tation  of  the  beer  has  taken  place  exerts  a  great  effect  on  its  IZ^tZ 
properties  and  on  its  liability  to  become  sour  from  the  fomS  J 
acetic  acid    In  the  beers  of  England,  France,  Bd^wL  andZS  fW 
many,  the  fermenting  temperature  ranges  betWeenTs^and  32o  C  Sd 
he  beer  so  produced,  as  is  Icnown,  is  liable  to  become  sour-  buf  in 
1  avana  the  temperature  ranges  between  8°  and  10°  0,  and  the  bevem-e 
thus  made  is  much  less  prone  to  acetification  oeverage 
Accordingto  Liebig  the  explanation  of  this  difference  is  as  foUows  — 
When  the  wort  is  fermented  at  a  high  temperature,  the  a^ti^n  of 
the  yeast  is  very  bnsk,  and  the  large  bubbles  of  carbon  c  acid  formed 
carry  the  yeast  globules  to  the  surface  of  the  liquid  where  it  fo^m, 
a  thick  scum.  The  fermentation  in  this  ca.e  is  cS't^^Z^nlt^^^^ 
This  scum  prevents  the  access  of  the  oxygen  of  the  air  to'  the  ferment- 
ing fluid,  and  the  yeast  takes  therefore  the  oxvgen  necessary  for  ks 
formation  from  the  sugar  contained  in  the  liquid;  the  suX  is  th  , 
destroyed  before  the  whole  of  the  nitrogenous^iiatter  Lid  in  soluS 
has  been  ii^ed  up  by  the  yeast.    The  beer,  after  it  ha^  been  drawn  off 
.   contains  therefore,  m  the  case  of  top  feiWentation,  mtro?enouTratter 
which,  acting  as  a  ferment,  induces  the  oxidation  of  the  alcohol  and 
the  formation  of  acetic  acid.  •tiLonoi  ana 

When,  on  the  other  hand,  the  wort  is  fermented  at  a  low  tempe- 
rature, as  IS  the  case  m  the  preparation  of  the  Bavarian  beer,  the  c£ 
borne  acid  escapes  from  the  Hquid  in  minute  bubbles,  and  the  yeast  is 
not  carried  to  the  top,  but  remains  at  the  bottom.  Hence  this  mode 
of  fermentation  is  caUed  boUom  fermentation.  The  oxyo-en  of  the  air 
has  fi-ee  access  to  the  liquid,  and  consequently  the  yeast  takes  the 
necessary  oxygen  from  the  air,  instead  of  the  siiar  a.  in  the  previous 
ca^e  and  the  nitrogenous  matter  is  wholly  converted  into  yeait  before 
all  the  sugar  has  been  decomposed. 

The  beer  thus  prepared  contains  therefore  but  little  nitro-^enous  mat- 
ter which  might  act  as  a  ferment,  and  it  keeps  consequently  much  better 
than  beer  prepared  by  top  fermentation.  In  the  latter  case  the  yeast 
consists  of  gluten  oxidised  m  a  state  of  putrefaction,  and  the  bottom 
yeast  is  the  gluten  oxidised  by  slow  combustion  '—Watts 

Quality  o  f  the  loater  med.-lt  is  weU  known  that  the  quality  of  the 
water  used  has  a  great  effect  on  beer,  on  the  extraction  of  the  soluble 
constituents  of  the  malt,  and  on  the  subsequent  clarification  of  the  fer- 
mented beverage. 

For  the  fost  pm-pose  a  soft  or  even  an  alkaline  water  would  appear 
to  be  the  most  suitable,  but  for  the  second  there  is  no  doubt  that  waters 
contammo-  much  lime  are  the  best.  The  lime  combines  with  the  phos- 
phoric acid  of  the  malt  and  forms  an  insoluble  salt,  which  assists  m 
carrying  down  any  suspended  matter. 

In  the  course  of  boiling,  the  excess  of  carbonic  acid  in  the  water. 
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by  wliich  the  carbonates  of  lime  and  mag-uesia  are  dissolved,  is  expelled, 
and  these  salts  are  precipitated  ;  again,  the  alkaline  phosphates  present 
in  malt  have  the  power  of  decomposing  and  precipitating  sulphate  of 
lime,  phosphate  of  lime  and  a  soluble  alkaline  sulphate  being  formed, 
but  part  of  the  phosphate  of  lime  so  formed  is  redissolved  in  the 
acid  generated  during  fermentation.  The  water  from  being  at  first 
hard  thus  becomes  comparatively  soft,  and  in  this  state  is  well  suited 
for  the  extraction  of  the  active  properties  of  the  malt  and  hops. 

The  waters  used  by  most  of  the  brewers  at  Burton-on-Trent  con- 
tain a  large  quantity  of  sulphate  of  lime,  and  it  is  to  this  constituent 
that  the  superiority  of  this  water  in  the  brewing  of  pale  ale  has  been, 
:  attributed. 

The  following  is  an  analysis  of  the  water  used  in  the  brewery  of 
Messrs.  Allsopp  &  Co.,  by  Dr.  Henry  Bottinger : — 


Grains  per  Gallon. 

Chloride  of  sodium   10'12 

Sulphate  of  ziue   7"65 

Sulphate  of  lime   18-96 

Sulphate  of  magnesia   9-95 

Carbonate  of  lime   15-51 

Carbonate  of  magnesia       ....  1-70 

Carbonate  of  iron   0-60 

Silica  •   0-79 


Total  solids     .  65-28 


The  water  is  remarkable  for  its  complete  freedom  from  organic 
I  matter. 

The  composition  of  the  water  used  by  Messrs.  Bass  &  Co.,  according 
t  to  Cooper,  is  as  follows : — 


Grains  per  Gallon. 

Carbonate  of  lime   9-93 

Sulphate  of  lime   54-40 

Chloride  of  calcium   13-28 

Sulphate  of  magnesia   0-83 


Total      .  78-44 


With  the  above  analyses  of  the  water  used  by  Messrs.  Allsopp  and 
IBass,  it  will  be  interesting  to  contrast  the  mineral  constituents  in  the 
sash  of  the  beer  of  those  brewers. 


Mineral  Matter  contained  in  one  Imperial  Gallon. 


Alkaline  sulphates,  chiefly  of  potash 

Alkaline  chlorides  

Alkaline  carbonates  and  phosphates 
Phosphate  of  lime  and  magnesia  . 

Total 


Allsopp. 

Bass. 

.  78 

62 

.  28 

25 

.  14 

19 

.  102 

91 

.  222 

197 
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These  two  last  analyses  include,  of  course,  not  merely  some  of  the 
saline  constituents  of  the  water  used  in  making  the  beers,  but  also  those 
of  the  malt  and  hops  employed,  notably  the  phosphates  of  the  malt. 

It  will  be  observed  that  the  earthy  salts,  the  carbonates  and  sul- 
phates of  lime  and  magnesia,  which  impart  the  quality  of  hardness  to 
water,  have  disappeared,  and  that  the  Burton  water,  though  hard  at 
iii'st,  really  becomes  a  soft  water,  as  contained  in  the  beer. 

But  the  chemical  constitution  of  the  Burton  water  explains  also 
another  circumstance  connected  with  Burton  ales.  It  is  known  that 
tliese  ales  speedily  become  bright  and  clear,  that  they  never  require 
iinings  to  be  employed,  and  are  fit  for  use  almost  as  soon  as  brewed. 

Now  the  depui'ating  power  of  lime  is  well  known,  so  that  it  has 
long  been  employed  in  the  clarification  of  cane  and  other  vegetable 
juices.  But  in  the  case  of  Burton  water  the  action  is  probably  purely 
mechanical,  it  carrying  down  in  its  precipitation  suspended  impu- 
rities, thus  rendering  the  beer  transparent  and  bright. 

We  give  in  the  following  table  some  analyses  made  by  ourselves 
of  the  composition  of  the  beer  of  Messrs.  Allsopp  &  Co.  and  Messrs. 
Bass  &  Co. : — 

Grains  per  gallon. 


Sugar 
Gum 

Bitter  extract 

Total  solids 
Alcohol  . 
Water  . 


Messrs.  Allsopp  &  Co. 


For  exportation 
to  India. 

For 
exportation. 

For  home  consumption. 

200 
2,080 
810 

320 
2,110 
750 

390 
3.930 
760 

420 
2,660 
800 

3,090 
3,540 
63,370 

3,180 
3,820 
63,000 

5,080 
3.983 
60,937 

3.880 
3,744 
62,376 

70,000 

70,000 

70,000 

70,000 

Messrs.  Bass  &  Co. 


THE  ANALYSIS  OF  BEER. 

The  usual  determinations  in  malring  an  analysis  of  genuine  beer 
are  the  following  :— The  specijic  f/ravity,  acidity,  sugar,  hiUer  extrac- 
tive, total  solids,  mineral  matter,  salt,  alcohol,  and  carbonic  acid.  . 

Before  the  specijic  gravity  of  the  beer  can  be  taken,  it  is  necessary 
that  it  should  be  freed  from  carbonic  acid.  This  object  is  usually 
effected  by  well  shalring  the  beer  in  a  corked  bottle  for  ten  minutes  or 
more,  taking  out  the  cork  from  time  to  time  to  allow  of  the  escape  of 
the  gas,  and  sucking  air  through  the  bottle  by  means  of  a  glass  tube. 
The"  gravity  may  then  be  taken,  either  by  the  areometer  or  more 
correctly  by  the  specific  gra^s-ity  bottle,  after  the  beer  has  been  cooled 
down  to  15'5°  0. 
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In  tlie  beer,  fi-eed  from  carbonic  acid  in  the  manner  described,  the 
aacidity  is  determined  by  the  standard  soda  sokition  which  has  been 
>so  often  referred  to  already,  the  amount  of  alkali  used  being  calculated 
iinto  acetic  acid. 

For  the  determination  of  the  sugar,  a  convenient  quftntity  of  the 
Vbeer,  say  200  cc,  should  be  diluted  with  10  volimies  of  water,  and  the 
fSugar  shoidd  then  be  estimated  by  means  of  the  copper  test  in  the 
'.manner  fully  described  in  the  article  on  '  Sugar.' 

Another  portion  of  the  beer,  say  10  cc,  shoidd  be  measured  into  a 
rflasli,  diluted  with  water,  and  boiled  for  two  hom-s  with  two  drops  of 
jsulphuric  acid,  until  all  the  dextrin  and  gum  has  been  converted  into 
iglucose,  when  the  acid  is  neutralised,  and  the  liquid  made  up  to  100  cc. 
iThe  sugar  is  to  be  estimated  in  the  usual  manner,  the  difference  between 
tthe  two  estimations  giving  the  amount  of  glucose,  which  is  to  be  cal- 
iculated  into  dextrin.  Or  a  portion  of  the  beer  may  be  evaporated  to 
Lthe  consistence  of  a  thin  syrup,  strong  alcohol  being  then  added  as  long 
aas  any  dextrin  is  precipitated  ;  for  its  pm-itication  the  dextrin  is  to 
bbe  redissolved  in  water  and  again  precipitated,  dried  and  weighed. 

The  sugar  is  sometimes  estimated  by  evaporation  and  drying  from 
tthe  alcoholic  solution,  but  in  the  case  of  beers  containing  much  hop, 
I  this  would  be  a  fallacious  mode  of  proceeding,  as  the  alcoholic  extract 
would  contain  lupulin  and  other  matters  soluble  in  the  spirit. 

The  bitter  extractive. — Evaporate  to  dryness  60  cc.  of  the  beer,  and 
eextract  with  repeated  additions  of  cold  absolute  alcohol.  This  dissolves 
lthe  lupulin  and  other  matters  soluble  in  alcohol.  The  solution  is  eva- 
iporated  and  the  extractive  matter  weighed. 

The  total  solids. — 10  cc.  of  the  beer  are  to  be  evaporated  on  the 
^nvater-bath  in  a  weighed  platiniun  basin,  or  better  still,  in  a  current  of 
lidry  air.  After  aU  moistm-e  has  been  driven  oflF,  as  shown  by  the  weight 
bbecoming  constant,  the  amount  of  solids  is  thus  arrived  at. 

This  is  the  usual  method  whereby  the  solids  contained  in  beer  are 
-'estimated.  It  is  an  object  of  greater  importance  to  the  brewer  to  know 
i  the  amount  of  sugar,  as  deduced  from  the  specific  gravity  of  the  original 
wort,  than  the  quantity  of  total  solids  contained  in  the  beer.  From 
:the  amount  of  alcohol  contained  in  the  fermented  beverage  the  quantity 
of  sugar  from  which  it  has  been  produced  can  easily  be  calculated — 198 
parts  of  glucose  yielding  100  parts  of  alcohol.  This  amount  of  sugar 
.added  to  that  contained  in  the  beer  approximately  gives  the  total 
aamount  of  sugar  originally  present  in  the  wort. 

To  effect  this  determination,  the  brewer  has  only  to  evaporate  a  given 
rjquantity  of  the  beer  to  at  least  one-half,  and  to  till  up  with  water  to 
tthe  original  bulk.  The  difference  in  the  specific  gravities  before  and 
;iafter  boiling  gives  by  simple  calculation  the  amount  of  alcohol  con- 
tained in  the  beer,  and  which  is  shown  by  reference  to  tables  which 
iihave  been  specially  constructed.  The  amoimt  of  alcohol  being  thus 
aascertained,  its  equivalent  in  sugar  is  next  determined,  and  this  is  then 
;iadded  to  the  sugar  contained  in  the  dealcoholised  beer. 
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Specific  Gravity  and  Strength  of  Malt  Extract. 


gravity. 

Malt  extract 
in  100  parts  of 
liquid. 

Specific 

gru.  vivy , 

Malt  extract 
in  100  parts  of 
liquid. 

Specific 
gravity. 

Idult  extract 
in  100  parts  of 
liquid. 

1-000 

0-000 

1-024 

6-000 

1-048 

1 1  •SflQ 

]  -001 

0-250 

1-025 

6-244 

1-049 

1-002 

0-500 

1-026 

6-488 

1-003 

0-750 

1-027 

6-731 

1-051 

1-004 

1-000 

1-028 

6-975 

1-052 

19-7fil 

1-005 

1-250 

1-029 

7-219 

1-006 

1-500 

1*030 

7-463 

1-054 

1  !i.9yft 

1-007 

1-750 

1-031 

7-706 

1-055 

1-008 

2-000 

1-032 

7-950 

1  -056 

1  Q.T  14. 

J.O  /  J  rr 

1-009 

2-250 

1-033 

8-195 

1-057 

1-010 

2-500 

1-034 

8-438 

1  -058 

Id- ion 

1-011 

2-750 

1-035 

8-081 

1-059 

1-012 

3-000 

1-036 

8-925 

1-060 

1-013 

3-250 

1-037 

9-170 

1-061 

1 4.004. 

1-014 

3-500 

1-038 

9-413 

1-062 

1-015 

3-750 

1-039 

9-657 

1-063 

15-371 

1-016 

4-000 

1-040 

9-901 

1-017 

4-250 

1-041 

10-142 

1-065 

15-837 

1-018 

4-500 

1-042 

10-381 

1-066 

16-070 

1-019 

4-750 

1-043 

10-619 

1-067 

16-302 

1-020 

5-000 

1-044 

10-857 

1-068 

16-.534 

1-021 

5-250 

1-045 

11-095 

1-069 

16-767 

1-022 

5-500 

1-046 

11-333 

1-070 

17-000 

1-023 

5-750 

1-047 

11-595 

The  less  extractive  matter  a  iDeer  contains,  the  more  accm-ate  are  the 
results  thus  obtained,  but  if  a  beer  be  very  rich  in  exti-active  matter, 
the  results  are  only  approximate,  and  cannot  be  relied  upon.  Hence 
this  method  is  not  now  deemed  sufficiently  accurate  even  for  the 
practical  pm-poses  of  the  brewer.  But  another  method,  which  we  shall 
shortly  describe,  has  been  devised,  giving  results  of  greater,  but  still  by 
no  means  absolute  accm'acy. 

Attending  the  conversion  of  the  sugar  into  alcohol  there  is  of  course 
a  very  considerable  diminution  in  the  specific  gravity  of  the  liquid,  the 
gravity  of  the  wort  being  always  much  greater  than  that  of  the  beer 
itself 

Now  since  the  brewer  is  allowed  what  is  called  a  '  drawback '  on 
all  beer  exported,  and  this  allowance  is  foimded  upon  the  oriqinal 
gravity  of  the  wort,  it  is  necessary  that  the  Excise  officer  should  be 
possessed  of  a  method  whereby  he  can  determine  the  gravity  of  the 
wort  before  fermentation. 

We  have  already  referred  to  one  method  whereby  this  object  is  in 
a  measure  effected,  namely,  by  calculating  all  the  extractive  matter 
contained  in  beer  as  sugar,  and  adding  to  it  an  amount  of  sugar  cor- 
responding to  the  alcohol  contained  in  the  beer ;  but  the  extractive 
matters  of  even  genuine  malt  beer  are  compounded  of  several  sub- 
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.•stances  besides  starch  siigur,  as  gum,  dextrm,  extractive  matters  of  the 

■  bop,  undedued  extractive  matters  of  the  malt,  glycerin,  coloui-mg  matter, 
:'miueral  matter,  and  iu  the  case  of  the  darker  beers,  and  especially  ol 

■  porter  and  stout,  a  considerable  amount  of  caramel.  In  cases  m  which 
istarch  sugar  and  cane  sugar  are  directly  added  to  the  wort,  as  is  now 
I  permitted,  the  causes  of  variation  are  still  further  augmented.  Ilence 
^it  is  obviously  an  incorrect  method  of  proceeding  to  base  the  calcu- 

■  ■lation  on  the  supposition  that  the  whole  of  these  matters  comport  them- 
Iselves  exactly  as  does  sugar,  and  ai-e  all  convertible  into  alcohol. 

To  meet  this  objection,  Messrs.  Graham,  Hofmann,  and  Redwood 
bhave  made  certain  observations  and  experiments  based  upon  worts  of 
Jdifierent  gravities  and  of  known  composition.  They  tind  that  the 
Isspecific  gravities  of  solutions  of  starch  sug-ar,  cane  sugar,  dextrin, 
leextractive  substance,  caramel,  pale  and  brown  malt,  which  contain 
t  equal  quantities  of  carbon,  all  vary,  the  vai-iation  in  each  case  being  in 
tthe  direction  of  producing  a  less  specific  gravity  of  the  wort  than  a 
; solution  of  starch  sugar  only.  Hence,  had  the  solid  contents  still 
I  remaining  in  the  beer  all  been  estimated  as  cane  sugar,  the  gravity  would 
lhave  been  too  high,  and  on  the  other  hand  it  would  appear  that  part 
I  of  the  starch  sugar  is  capable  of  being  converted  into  an  '  uufermentable 
t  extractive  matter,'  which  gives  a  solution  of  lower  specific  gravity  for 
I  the  same  amount  of  carbon,  and  hence  the  estimate  of  the  original 
1  o-ravity  would  come  out  too  low ;  indeed,  it  is  affirmed  that  this 
<  extractive  substance  indicates  only  about  five-sixths  of  the  saccharine 
I  principle  fi'om  which  it  is  derived. 

The  experiments  upon  solutions  of  known  composition  by  Messrs. 
I  Graham,  Hofmann,  and  Redwood  consisted  in  fermenting  these  solutions 
;  and  analysing  them  in  difierent  stages  of  fermentatipn.  They  estimated 
the  specific  gravity  of  the  fermented  liquid,  and  distilled  a  measm-ed 
quantity  of  it,  took  the  specific  gravity  of  the  distillate  after  it  had  been 
made  up  to  its  original  bulk  by  the  addition  of  water,  and  they  like- 
wise estimated  the  specific  gravitj'  of  the  residue  in  the  retort  or 
dealcoholised  liquid,  which  also  had  been  made  up  to  its  original  bulk. 
The  difference  between  the  specific  gi'avity  of  the  distillate  and  the 
specific  gravity  of  water  they  called  the  'spirit  indication'  of  the 
beer,  whilst  the  difference  between  the  original  gravity  of  the  wort  and 
of  the  dealcoholised  liquid  they  called  '  gravity  l6st.' 

The  spirit  indication  and  the  gravity  lost  both  may  be  calculated 
for  sugar,  but  it  is  obvious  that  they  cannot  exactly  furnish  the  same 
results.  For  while  the  spirit  indication  is  based  upon  the  specific 
gravity  of  the  spirit,  which  may  of  course  be  accurately  calculated 
into  sugar,  the  '  gravity  lost '  is  obtained  from  a  liquid  of  unknown 
composition,  the  gravity  of  which,  as  we  have  seen  above,  is  lower  than 
the  gravity  of  an  equally  strong  solution  of  starch  sugar.  To  make 
the  results  obtained  in  the  latter  way  correspond  with  those  given  by 
the  former  method,  a  lai  ge  •  number  is  to  be  added  to  the  specific 
gravity  of  the  fermented  liquid  to  obtain  the  gravity  of  the  original  wort, 
than  to  the  results  obtained  in  the  former  method.    This  diiference  is 
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obvious  by  a  reference  to  the  annexed  tables  by  Messrs.  Graham, 
Hofmann,  and  Redwood,  copied  from  '  Watts's  Dictionary.' 

Talk  to  ascertain  Original  Gravities  hy  the  Distillation  Process. 

Dearees  of  Spirit  Indication,  with  corresponding  Degrees  of  Graoity  lost  in 
^  Malt  Worts. 


Degrees  of 

spii-it 
incUcation. 

•0 

•1 

•2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

0 

— 

0-2 

0-6 

0-9 

1-2 

1'5 

1-8 

2-1 

2-4 

2*7 

1 

3-0 

6  7 

A.I 

4  1 

A  .Q 
4  O 

0  i 

0  0 

K.Q 

h  I  ■ 

2 

6-6 

7-0 

7-4 

7-8 

8-2 

8-6 

9-0 

9-4 

9-8 

10-2 

3 

10-7 

11-1 

10'5 

12'0 

'I  CI,  A 

12  4 

12'9 

1.-)  o 

14  / 

1  A'l 

4 

16-1 

15-5 

16-0 

16-4 

16-8 

17-3 

17-7 

18-2 

18-6 

19-1 

5 

19-5 

19-9 

20-4 

20-9 

21-3 

21-8 

22-2 

22-7 

2a-l 

23-6 

6 

24-1 

24-6 

25-0 

25-5 

26-0 

26-4 

26-0 

27-4 

27-8 

28-3 

7 

28-8 

29-2 

29-7 

30-2 

30-7 

31-2 

31-7 

32-2 

32-7 

33-2 

8 

33-7 

34-3 

34-8 

35-4 

35-9 

36-5 

37-0 

37-5 

38-0 

38-6 

9 

39-1 

39-7 

40-2 

40-7 

41-2 

41-7 

42-2 

42-7 

43-2 

43-7 

10 

44-2 

44-7 

45-1 

45-6 

46-0 

46-5 

47-0 

47-5 

48-0 

48-5 

11 

49-0 

49-6 

50-1 

50-6 

51-2 

.51-7 

62-2 

52-7 

53-3 

53-8 

12 

54-3 

54-9 

55-4 

55-9 

56-4 

56-9 

57-4 

57-9 

58-4 

58-9 

13 

69-4 

60-0 

GO-5 

61-1 

61-6 

62-2 

62-7 

63-3 

63-8 

64-3 

14 

64-8 

65-4 

65-9 

66-5 

67-1 

67-6 

68-2 

68-7 

69-3 

699 

15 

76-6 

Table  to  ascertain  Original  Gravities  by  the  Evaporation  Process. 

Dearees  of  Spirit  Indicatioii,  with  corresponding  Degrees  of  Gravity  lost  in 
•  3Ialt  Worts. 


Degrees  ot 

spirit 
indioation. 


0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


3'5 
7-4 
11-5 
15-8 
20-3 
24-8 
29-5 
34-3 
40'0 
44-9 
50-3 
55-6 
61-0 
G6-6 
72-0 


0-3 
3-8 
7-8 
11-2 
16-2 
20-7 
25-2 
30-0 
34-9 
40-5 
45-4 
50-9 
56-2 
61-6 
67-0 


0-7 

4-2 
8  2 
12-4 
16.6 
21-2 
25-6 
30-4 
35-5 
41-0 
46-0 
51-4 
56-2 
62-1 
67-6 


1-0 
4-6 
8-7 

12-8 
17-0 
21-6 
26-1 
30-9 
36-0 
41-5 
46-5 
51-9 
.'i7-3 
62-7 
68-1 


1-4 
5-0 
9-1 
13-2 
17-4 
22-1 
266 
31-6 
36-6 
42-0 
47-1 
52-5 
57-8 
63-2 
68-7 


1-7 

5-4 
9-5 
13-6 
17-9 
22-5 
27-0 
31-8 
37-1 
42-5 
47-6 
53'0 
58-3 
63-8 
69-2 


2-1 
5-8 
9-9 
14-0 
18-4 
23-0 
27-5 
32-3 
.37-7 
43  0 
48-2 
53-5 
58-9 
64-3 
69-8 


2-4 

6-2 
10-3 
14-4 
18-8 
23-4 
28-0 
32-8 
38-3 
43-^ 
48-7 
54-0 
59-4 
64-9 
70-4 


2-8 
6-6 
10-7 
14-8 
19-3 
23-9 
28-5 
33-3 
388 
44-0 
49-3 
54-5 
59-9 
65-4 
70-9 


3-1 
7-0 
11-1 
15-3 
19-8 
24-3 
29-0 
33-8 
39-4 
44-4 
49-8 
550 
60-5 
66-0 
71-1 
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The  first  column  contains  the  whole  degi-ees  of  the  spirit  indication, 
« while  the  tenth  of  the  degrees  are  placed  at  the  top  of  the  other  columns, 
■  The  deg-rees  of  gravity  lost  which  are  found  by  going  horizontally  to 
;  the  right  from  the  degree  of  spirit  indication  lost  imtil  the  respective 
( column  headed  hy  the  tenth  of  the  degree  is  reached,  are  to  be  added 
I  to  the  gra\-ity  of  the  fermented  liquid  to  obtain  the  specific  gravity 
c  of  the  original  wort. 

It  seems  somewhat  strange  that  Messrs.  Graham,  Hofmaun,  and 
!  Redwood  should  not  have  taken  notice  of  the  ettect  of  the  extract  of 
;  the  hops  upon  the  specific  gravity  of  the  wort. 

Mineral  matter. — The  total  solids  of  the  beer,  obtained  as  described, 
sare  incinerated  at  the  lowest  possible  temperatm'e,  and  the  ash  weighed. 

Salt.- — The  ash  is  dissolved  in  pure  nitric  acid  and  the  chlorine  is 
J  precipitated  by  means  of  a  solution  of  nitrate  of  silver,  the  resulting 
I  chloride  of  silver  being  washed,  dried  and  weighed. 

The  chloiine  cannot  be  determined  volumetrically  in  the  usual 
r  manner,  since  the  phosphates  contained  in  the  ash  exert  a  considerable 
i  influence  upon  the  quantity  of  silver  solution  used. 

Alcohol. — 100  cc.  of  the  beer  are  to  be  neuti-alised  with  caustic 
ssoda  and  the  alcohol  distilled  ofi"  and  estimated  from  the  specific 
^gravity  of  the  distillate,  after  this  has  been  made  up  to  the  volume  of 
;  the  beer  employed,  as  described  in  the  article  on  'Wine.'  We  give 
Ibelow  a  table  of  the  specific  gravity  of  mixtm-es  containing  a  smaU 
aamount  of  alcohol  only : — 


Specific  Gravity  and  Strength  of  Spirits. 


Volnme 

Weight 

Specific 

Volume 

Weight 

Specific 

per  cent. 

per  ceut. 

gi-avity. 

per  cent. 

per  cent. 

gravity. 

1- 

0-80 

0-99850 

3-0 

2-40 

0-99560 

1-1 

0-88 

0-99835 

3-1 

2-48 

0-99546 

1-2 

0-96 

0-99820 

3-2 

2-56 

0-99532 

1-3 

1-04 

0-99805 

3-3 

2-64 

0-99518 

1-4 

1-12 

0-99790 

3-4 

2-72 

0.99504 

1-5 

1-20 

0-99775 

3-5 

2-80 

0-99490 

1-6 

1-28 

0-99760 

3-6 

2-88 

0-99476 

1-7 

1-36 

0-99745 

3-7 

2-96 

0-99462 

1-8 

1-44 

0-99730 

3-8 

3-04 

0-99448 

1-9 

1-52 

0-99715 

3-9 

3-12 

0-99434 

2-0 

1-60 

0-99700 

4-0 

3-20 

0-99420 

2-1 

1-68 

0-99686 

4-1 

3-28 

0-99406 

2-2 

1-76 

0-99672 

4-2 

3-36 

0-99392 

2-.S 

1-84 

0-99658 

4-3 

3-44 

0-99378 

2-4 

1-92 

0-99644 

4-4 

3-52 

0-99364 

2-.'3 

'2-00 

0  99630 

4-5 

3-60 

0-99350 

2-6 

2-08 

0  99616 

4-6 

3-68 

0-99336 

2-7 

2-16 

0-99602 

4-7 

3-76 

0-99322 

2-8 

2-24 

0-99588 

4-8 

3-84 

0-99308 

2-9 

2-32 

0-99574 

4-9 

3-92 

0-99294 

I 
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Specific  Gravity  and  Strength  of  Spirits — cont. 


Volume 
per  cent. 

Weight 
per  cent. 

Specific 
gi-avity. 

Volume 
per  cent. 

Weight 
per  cent. 

Specific 
gravity. 

5-0 

4-00 

0-99280 

6-6 

5-30 

0-99072 

5-1 

4  08 

0-99267 

6-7 

5-38 

0-990.59 

5-2 

4-16 

0-992.H 

6-8 

6-46 

0-99046 

5-3 

4-24 

0-99241 

6-9 

6-.54 

0-99033 

6-4 

4-32 

0-99-228 

7-0 

5-62 

0-99020 

5-6 

4-40 

0-9921.5 

7-1 

5-70 

0-99008 

5-6 

4-48 

0-99202 

7-2 

5-78 

0-98996 

5-7 

4-56 

0-99189 

7-3 

5-86 

0-98984 

5-8 

4-64 

0-99176 

7-4 

5-94 

0-98972 

5-9 

4-72 

0-99163 

7-5 

6-02 

0-98960 

6-0 

4-81 

0  991,50 

7-6 

6-11 

0-98949 

6-1 

4-89 

0  99137 

7-7 

6-19 

0-98936 

6-2 

4-97 

0-99124 

7-8 

6-27 

0-;,8924 

6-3 

505 

0-99111 

7-9 

6-35 

0-98912 

6-4 

5-13 

0-99098 

8-0 

6-43 

0-98900  ' 

6-6 

5-21 

0-99085 

Carbonic  acid. — The  free  cartonic  acid  is  to  be  determined  in  the 
manner  at  length  described  in  the  article  on  '  Aerated  Beverages.' 
Beer  usually  contains  no  more  than  from  0"1  to  0-5  per  cent.,  even 
when  bottled. 


THE  ADTJLTEEATIONS  OF  WALT  BEVIIEAGES. 

Genuine  malt  beverages  should  consist  only  of  the  products  of 
malt,  hops,  and  water,  and  any  addition  to  these  may,  strictly 
speaking,  be  viewed  in  the  light  of  an  adulteration.  Such  for  ages  has 
been  the  composition  of  the  malt  beverages  of  this  coimtrv.  Now, 
however,  all  this  seems  to  be  threatened  with  a  change.  The  law 
itself  is  revolutionising-  the  manufacture  of  beer,  and  is  legalising  the 
wholesale  adulteration  of  this  national  beverage. 

The  addition  of  cane  sugar,  treacle,  and  salt  to  the  wort  is  now 
permitted ;  indeed,  we  have  met  with  instances  in  which  an  article, 
which  had  been  denominated  beer,  has  been  produced  without  its  con- 
taining a  particle  of  either  malt  or  hops. 

It  may  be  said  that  since  the  most  important  constituent  of  malt 
is  its  sugar,  and  that  it  is  this  which  fm'nishes  the  alcohol  of  the  beer, 
no  great  harm  is  done  by  permitting  the  addition  of  a  further  quantitj- 
of  sugar.  But  this  mode  of  reasoning  is  very  fallacious,  since  extract 
of  malt  contains  a  variety  of  other  substances,  organic  and  mineral, 
besides  sugar,  so  that  the  beverage  produced  from  pm-e  malt  extract 
and  a  mixture  of  this  with  sugar  and  various  other  substances,  is  very 
different  in  its  actual  composition  and  in  its  dietetic  properties  and 
effects. 
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If  it  be  allowable  to  make  so-called  beer  from  other  constituents 
tlian  malt  and  hops,  siu-ely  this  should  be  distinguished  from  the 
•  time  and  genuine  malt  beverages  by  the  adoption  of  some  distinctive 
I  name,  so  that  the  public  may  know  what  they  are  really  consuming. 

The  adulterations  which  either  have  been  or  are  practised  on  beer 
:  are  multifarious,  and  they  include  the  following: — Water,  sugar  and 
I  treacle,  liquorice,  burnt  sugar,  vegetable  bitters,  including  j^icric  acid, 
\  I  cocculiis  indicus  and  strgchnia ;  carminatives  and  opiwn ;  various  mineral 
:  adulterations,  as  those  with  alum,  salt,  sulphate  of  iron,  carbonate  of 
.  lime,  soda,  &c. 

The  adulteration  with  water. — The  practice  of  diluting  with  water 
1  nearly  all  liquid  articles  of  consumption,  especially  those  containing 
:  alcohol,  is  almost  universal.  This  admixture  is  one  of  the  most  frequent 
i  adiiltei-ations  practised  upon  beer,  and  it  is  one  which  is  commonly 
<  effected  by  the  publican,  who  contrives  to  make  by  it  three  ban-els  of  beer 
I  out  of  two,  endeavouring  to  make  up  for  the  dilution  of  the  liquid  and 
1  the  consequent  loss  of  its  sensible  properties  by  adding  sugar,  including 
1  biu-nt  sugar,  to  restore  the  colom-,  and  salt  to  increase  the  pungency 
«and  flavour. 

Adulteration  icith  cane  sugar. — Now,  although  the  addition  of 
:  sugar  to  the  wort,  including  cane  sugar,  is  allowed  by  law,  we  pre- 
:  sume  such  an  addition  is  not  permissible  to  the  beer  after  it  is  fer- 
I  mented  and  with  a  view  to  its  adulteration  by  means  of  water ;  and 
1  hence,  when  the  presence  of  cane  sugar  is  demonstrated  in  any  beer, 
i  it  must  be  taken  as  affording  conclusive  evidence  of  adulteration. 

Sometimes  both  cane  sugar  and  glucose  are  introduced  into  the 
\  beer  bv  making  use  of  treacle  and  the  form  of  impm-e  sugar  termed 
■'foots.' 

Adulteration  with  liquorice. — Spanish  juice  or  liquorice  is  not 
I  unfrequently  used  in  the  adulteration  of  porter  and  stout  for  the 
c  double  purpose  of  colom-ing  and  sweetening  the  beverage. 

Adulteration  with  burnt  sugar,  caramel,  or  essentia  bina. — When 
I  malt  is  dried  at  a  high  temperature  and  is  converted  into  what  is 
i  known  as  black  or  patent  malt,  part  of  the  sugar  is  caramelised,  and 
'when  the  bm-nt  sugar  in  the  beer  is  derived  from  this  source  it  is,  of 
( course,  not  to  be  regarded  as  an  adulteration.  But  when  burnt  sugar 
mot  so  derived  is  added  to  cover  and  conceal  the  impoverishment  of 
tthe  beer  with  water,  its  presence  must  in  that  case  be  regarded  in  the 
Uight  of  an  adulteration. 

Adulteration  toith  vegetable,  bitters. — The  vegetable  bitters  which 
ihave  been  known  to  be  employed  in  the  adulteration  of  beer  are 
gentian,  chiretta,  quassia,  wormioood,  orange  ])eel,  orange  potvder 
i  and  camomih — the  last  two  possess  aromatic  properties,  the  camo- 
I  mile  being  likewise  narcotic— also  picric  acid,  cocculus  indicus,  and 
I  strychnin. 

A  broad  distinction  is  to  be  drawn  between  the  bitters  first  named 

T  T 
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and  picric  acid,  cocculiis  indicus,  and  strychnin,  since  these  are  all  of 
a  highly  poisonous  natui-e. 

Ficric  or  trinitrophenic  acid,  formerly  called  cmhazotic  acid,  or 
artificial  indiyo  hittm;  OeHaCNOJsO,  is  obtained  froin_  a  variety  of 
substances,  amongst  others  the  following  :  carbolic  acid  or  phenol, 
salicin,  iudijio,  aloes,  benzoin  and  other  resins,  and  sillc. 

Picric  acid  crystallises  in  yellow,  shining  laminae,  composed  of  octa- 
hedrons, and  sometimes  in  needles  and  gi-anules.  The  crystals  belong 
to  the  trimetric  system. 

It  melts,  when  slowly  heated,  into  a  brownish-yellow  oil,  which 
becomes  crystalline  on  cooling.  It  volatilises  undecomposed  at  a  low 
temperature,  and  at  a  higher  temperature  it  boils,  giving  off  a  highly 
irritating  vapour,  which  condenses  into  needles  and  scales. 

When  quickly  heated  it  undergoes  decomposition,  accompanied  by 
a  violent  explosion. 

It  possesses  an  intensely  bitter  and  sour  taste,  and  reddens  litmus. 
In  doses  of  from  1  to  10  grains  many  animals  are  killed,  including 
rabbits  and  dogs,  convulsions  and  delii-iimi  being  produced.  It  is 
soluble  in  water  in  different  proportions  according  to  its  temjjerature. 
One  part  of  picric  acid  is  dissolved  in  86  parts  of  water  at  15°  C.  and 
in  26  parts  at  77°  0.,  the  solution  being  of  a  deep  yellow  colour,  and 
concentrated  it  stains  the  skin.  It  is  easily  soluble  in  alcohol  aud 
ether,  also  in  warm  concentrated  sulphuric  acid,  from  which  it  is^ 
precipitated  unchanged  on  the  addition  of  water.  Its  power  of; 
imparting  colour  to  water  is  really  sitrprising.  Water  contaming 
part  of  picric  acid  is  of  a  distinctly  yellow  coloiu-,  and  if  the 
quantity  present  be  greatly  below  this,  the  colour  may  still  be  brought 
out  by  viewing  the  water  in  a  stratum  two  or  three  inches  m  depth. 

Coceulus  indicus  is  the  fruit  of  Cocculus  suherosus,  also  named 
Menispermum  cocculus.  These  seeds  possess  strongly  narcotic  and 
poisonous  properties,  due  to  the  presence  of  an  alkaloid  called  picro- 
toxin,  0,„H,,05,  which  is  present  in  it  to  the  amount  of  2  per  cent 

,  This  alkaloid  is  extracted  by  exhaustion  with  boiling  alcohol. 
The  alcohol  is  distilled  off,  the  fatty  matter  is  removed  by  boiling 
with  a  considerable  quantity  of  water,  and  the  aqueous  extract  mixed 
with  a  small  quantity  of  neutial  acetate  of  lead  to  remove  colom-mg 
matter  The  filti-ate  is  freed  from  lead  by  means  of  sulphuretted 
hydrogen,  evaporated,  and  the  picrotoxin  obtained  by  ciystaUisation. 

Trom  pm-e  solutions  it  crystallises  in  stellate  groups  of  needles,  from 
coloured  liquids  in  interlaced  thi-eads,  which  after  a  tmie  change  mtc 
more  solid  needles  and  even  into  laminae. 

It  possesses  an  intensely  bitter  taste,  and  does  not  act  on  vegetable 
colours.  It  dissolves  in  150  parts  of  cold  aud  26  pai-fes  of  boikng 
water    It  is  very  soluble  in  boiling  alcohol  and  in  ether. 

Picrotoxin  is  highly  poisonous,  giving  rise  to  giddiness,  a  species  ol 
intoxication,  convulsions,  and  even  death.  . 
It  reduces  cupric  oxide  in  the  same  manner  as  glucose,  but  if 
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reducinp;  power  is  less  by  about  five  times.  It  dissolves  in  strong 
sulphuric  acid,  forming  a  saflrou-coloiu-ed  solution,  and  Avith  sulphuric 
acid  and  bicarbonate  of  potash  the  solution  assumes  a  red-brown  coloiu-. 

Strychnin  is  obtained  from  several  species  of  plants  of  the  genus 
Stryc/mos,  especially  Strychnos  niuv  vomica  ;  this  genus  also  contains 
8.  St.  Ignatvi,  a  plant  yielding  the  beans  of  St.  Ignatius,  and  S.  tieutS, 
which  furnishes  the  upas-tieutd,  the  Javan  arrow  poison. 

Strychnin  may  be  extracted  from  ground  Ignatius  beans  or  from 
DUX  vomica  by  exhaustion  with  alcohol.    The  alcohol  is  distilled  off, 
the  residue  is  dissolved  in  water,  and  a  solution  of  basic  acetate  of 
lead  is  added.    The  strychnin  remains  in  the  solution,  which  is  fieed 
from  the  excess  of  lead  by  meaus  of  sulphuretted  hydrogen  and  then 
■  boiled  with  magnesia.    Thereby  the  sti-ychnin  is  precipitated,  and  is 
;  then  pm-ified  by  repeated  crystallisation  from  alcohol.    100  parts  of 
'  niLX  vomica  yield  about  0  6  parts  of  strychnin. 

Piu-e  strychnin  crystallises  in  white  four-sided  pyramids  of  the 
trimetric  or  rhombic  system,  which  have  the  formula  OgiHjaNjO,.  It 
i  is  soluble  in  6,667  parts  of  cold  and  2,500  parts  of  boiling  water.  It  has 
>  an  alkaline  reaction,  and  since  it  resists  puti'efaction  it  may  be  extracted 
ifrom  bodies  even  after  they  have  been  buried  for  a  long  period; 
» according  to  McAdam  as  long  as  three  years. 

Its  solution  is  intensely  bitter,  and  hence  its  leputed  employment  in 
tthe  adulteration  of  bitter  beer.  It  is  extremely  poisonous,  one-eighth 
I  of  a  grain  being  sufficient  to  kill  a  large  dog ;  and,  since  it  is  cumulative 
i  in  its  action,  poisonous  effects  may  be  produced  by  the  continued  use 
i  of  this  allialoid  even  in  the  minutest  doses. 

The  following  are  the  circumstances  which  induced  the  editor  of 
tthe  'Lancet,'  Mr.  Wakley,  to  imdertake,  through  the  author,  a  very 
t extended  and  rigorous  enquiry  into  the  subject  of  the  alleged  adulte- 
rration  of  beer  with  strychnin. 

In  the  year  1850  a  report  came  before  the  public  in  which  it  was 
aasserted  that  the  deadly  poison  strychnin  is  commonly  employed  by 
Ibrewers  in  the  manufactiue  of  'bitter  beer'  or  'pale  ale.' 

The  following  was  the  origin  and  foundation  of  this  report : — 
In  the  coiu-se  of  a  lecture  delivered  at  the  Conservatoire  des  Arts 
tet  Metiers,  M.  Payen  is  asserted  to  have  stated  that  strychnin  was 
;  prepared  in  large  quantities  in  Paris,  and  that  the  French  authorities 
ihad  ascertained  that  it  was  destined  for  England,  it  being  employed  in 
tthe  manufacture  of  the  celebrated  bitter  beer  of  that  coimtry. 

This  statement,  alter  having  appeared  in  some  of  the  French  papers, 
a  and  amongst  others  in  the  '  Constitutionnel,'  attracted  the  attention  of 
ssome  English  journalists,  who  commented  at  some  length  upon  it,  in- 
0  cautiously  treating  the  assertion  as  though  its  truth  had  been  fully 
a  ascertained.  At  length  the  injurious  statement  made  its  way  into  the 
fcolmnns  of  the  'Times'  newspaper,  and  thus  became  universally  dis- 
-  seminated. 

It  was  impossible  for  the  brewers  of  bitter  beer,  the  preparation  of 
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wliich  is  confined  to  a  small  number  of  jiersons,  to  pass  by  without 
notice  so  g;v&ve  a  cliarfje,  and  one  so  immediately  aflectiuj^  their 
interests.  Accordingly  the  two  chief  firms,  those  of  Messrs.  Allsopp 
>t  Sous  and  Messrs  "Bass  &  Co.,  lost  no  time  in  publicly  denying,  iu 
the  most  unequivocal  terms,  that  strychnin,  or  any  other  deleterious 
substance,  was  ever  employed  by  them  in  the  manufacture  of  their 

These  celebrated  brewers  suggested  that  their  bitter  beer  should 
be  subjected  to  a  searching  chemical  and  microscopical  examination, 
and  expressed  their  willingness  to  place  the  enquiry  in  the  hands  of  the 
Analytical  Sanitary  Commission.  They  offered  to  throw  open  their 
breweries,  stores,  &c.,  in  the  most  complete  and  unreserved  manner, 
and  to  afford  every  facility  for  the  fullest  investigation. 

Feeling  that  the  subject  was  one  of  gi-eat  importance  ;  that  it  in- 
volved the  public  health  to  a  great  degree,  and  also  the  pecuniary 
interests  of  a  trade  which,  from  its  magnitude,  had  almost  assumed  a 
national  character;  that  it  also  affected  the  judgment  of  the  medical 
profession  by  whom  the  bitter  beers  had  been  so  strongly  recommen- 
ded—Mr. Wakley  ultimately  agreed  to  undertake  the  enquiry  upon 
the  distinctly  declared  condition  that  the  results  of  the  investigation 
and  analyses,  whether  favoiu-able  or  unfavourable  to  the  reputation 
and  quality  of  the  beer,  shoidd  be  unreservedly  and  faithfully  com- 
municated to  the  public.  r  -i -^^  i. 

In  order  to  put  the  statement  to  the  t&st,  forty  samples  ot  bitter  beer 
were  subjected  to  analysis— twenty  of  the  ale  of  Messrs.  Bass  Co.  and 
tbe  like  number  of  samples  of  the  ale  of  Messrs.  Allsopp  4"  So7is. 

They  were  all  found  to  consist  of  the  products  of  malt  and  /ioj)S 
and  the  constituents  of  pure  spring  loater ;  no  other  ingredient  of  any 
kind  beinff  discovered,  either  organic  or  inorganic. 

These  "samples  were  procm-ed  under  circumstances  which  precluded 
the  possibility  of  error,  fallacv,  or  of  preparation  for  the  selection. 

Under  the  above  circumstances,  and  after  the  most  scrutinising  ex- 
amination, microscopical,  chemical,  and  physiological,  we  failed  to 
detect  the  smallest  atom  of  strychnin,  or  indeed  of  any  other  ingre- 
dients than  the  products  of  malt  and  hops  and  the  constituents  ot 
i3ure  spring  water.  ,  „  , 

Unknot  to,  and  wholly  independent  of  ourselves,  Messrs.  Graham 
and  Hofmann,  at  the  request  of  Messrs.  Allsopp  &  Sons,  subjected 
several  samples  of  their  bitter  beer  to  analysis.  In  their  pubhshed 
report  it  is  stated  that  they  also  failed  to  discover  the  slightest  trace 

°^  ^Sfmr^'be  well  to  consider  how  far  the  statement_  made_  that 
strychnin  is  employed  in  the  preparation  of  bitter  beer  is  consistent 
with  probability,  'in  order  to  form  an  opinion  on  this  point,  it  is 
necessary  to  obtain  clear  ideas  of  the  quantity  of  this  substance  neces- 
sary to  impart  bitterness  to  a  given  bulk  of  fluid  to  determine  the 
chemical  condition  in  which  it  exists  in  beer,  and  to  ascertam  the 
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ijimount  of  strychniu  which  may  be  introduced  into  the  system  with 
>saiety  to  health  and  life.  With  respect  to  its  bitterness,  we  hud  that 
,  one  grain  only  of  strychnin  imparts  a  decided  and  persistent  bitterness 
I  to  at  least  40,000  grains  of  water,  or  upwards  of  half  a  gallon;  but  the 
itaste  of  the  same  quantity  of  strychnin  is  perceptible  when  diluted 
vwith  420,000  gi-ains,  or  six  gallons  of  water. 

But  it  must  be  remembered  that  most  beers  contain  free  acetic 
jiacid  in  vaa'iable  amount,  and  that,  therefore,  strychnin  added  to  beer 
Ibecomes  converted  into  acetate  of  strychnia.  Now  this  salt,  although 
wary  bitter,  is  less  so  than  strychnin  itself;  consequently,  a  larger 
aamount  of  the  combined  alkaJoid  is  necessary  to  impart  the  same  degree 
aof  bitterness. 

We  have  ascertained  that  no  less  than  three  grains  of  acetate  of 
sstrychnia  are  needed  to  give  a  persistent  and  suitable  bitterness  to 
bhaif  a  gallon  of  water;  it  is  therefore  evident  that  not  less  than  one 
.grain  and  a  half  of  strychniu  in  combination  with  acetic  acid  would  be 
^required  to  impart  such  a  degree  of  bitterness  to  the  same  quantity  of 
bbeer  as  to  render  its  use  in  the  preparation  of  bitter  beer  a  matter  of 
aany  moment.  Now  a.  quantity  of  strychnin  so  considerable  as  this 
ocould  not  be  taken  in  beer  even  without  danger  to  life.  Were  the 
.quantity  present  in  beer  much  below  this,  its  use  woidd  still  be 
,1  attended  with  the  greatest  danger,  since  this  poison,  like  digitalis, 
I'colchicum,  and  certain  other  active  vegetable  products,  is  liable  to  be 
nretained  in  the  system,  and  to  accumulate  in  it  to  such  an  extent  as 
sat  length  to  give  rise  to  the  tetanic  spasms  and  other  consequences 
asymptomatic  of  poisoning  by  strychnin. 

From  all  these  considerations,  therefore,  we  conclude  that  the  state- 
nment  made  concerning  the  use  of  strychnin  in  beer  is  scarcely  consistent 
\with  probability. 

Narcotics. — The  hop  is  employed  in  the  manufacture  of  beer,  partly 
'cor  its  bitter,  and  partly  on  account  of  its  narcotic,  properties,  and  the 
ssame  remark  applies  to  cocculus  mdicus  ;  but  tobacco  and  0]nu7n,  which 
hbave  also  been  resorted  to,  are  used  mainly  for  their  narcotic  or  sopo- 
rirific  etiects,  which  simulate  somewhat  those  of  the  hop. 

We  believe  that  the  employment  of  both  tobacco  and  opium  are  so 
r,rare  that  it  is  scarcely  necessary  to  enter  into  any  long  description 
Li3f  the  composition  and  properties  of  the  active  principles  contained  in 
ilhose  substances.  We  shall,  however,  give  the  method  for  the  detec- 
ition  in  the  one  case  of  the  nicotin  and  in  the  other  of  the  morphin, 
which  are  their  two  most  important  and  distinctive  principles. 

Carminatives. — The  carminatives  of  the  use  of  which  there  is  evi- 
ilence  are  ginger,  conander,  caraxoaij  seeds,  cardamom  seeds,  grains  of 
joaradise  and  ca2}sicum,  the  whole  of  which  will  be  found  described  in 
;itheir  appropriate  places. 

Mineral  adulterants. — A  great  variety  of  mineral  substances  are 
amployed  in  the  adulteration  of  beer.  Some  of  these  are  used  to  give 
iihe  beer  an  appearance  of  strength  and  to  make  it  lroth,bead  or  'head' 
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■well.  The  substances  employed  for  this  purpose  are  chiefly  sulphate 
of  iron,  alum,  and  salt ;  others,  as  chalk  and  the  alkalies,  are  used  to 
correct  undue  acidity,  and  again  olhers,  as  sulphuric  acid  and  erenm 
of  tartar  or  bitartrate  of  potash,  to  give  to  the  beer  a  tartness  or  hard- 
ness characteristic  of  age,  and  which  is  prefen-ed  by  some  beer  drinkers. 

It  has  already  been  stated  that  the  law  allows  of  the  addition  of 
a  certain  quantity  of  salt,  which  must  not  exceed  50  grains  per 
gallon,  including  that  contained  in  the  water  used  in  the  brewing, 
and  tbis  addition  it  permits  for  no  sufficient  reason,  lending  its  official 
sanction  in  this  case,  as  in  so  many  others,  to  the  deterioration  and 
adulteration  of  an  important  article  of  consumption. 

It  appears  from  our  analyses  that  salt  is  almost  constantly  present 
in  porter.  This  addition  we  know  is  made  in  the  first  instance  by 
the  brewers  themselves ;  but  there  is  also  no  doubt  that  a  fiirther 
quantity  is  frequently  used  by  the  publican  to  assist  in  bringing 
up  the  flavour  of  beer  which  has  been  reduced  in  strength  by  the 
addition  of  water.  The  quantity  of  salt  contained  in  porter  is  often 
sufficiently  large  to  communicate  a  perceptibly  saline  taste  to  the 
mouth.  The  salt  is  used  by  the  brewers  in  the  following  manner : — It 
is  first  mixed  up  in  a  tub  with  flom",  usually  wheat  flour,  and  the 
mixture  is  cast  by  handfuls  over  the  surface  of  the  wort  in  the  cooling 
vat.  It  is  said  to  assist  in  the  preservation  and  fining  of  the  wort, 
and  it  is  alleged  that  these  are  the  only  purposes  for  which  it  is 
employed  by  the  brewer. 

The  presence  of  iron,  which  is  added  chiefly  to  stout,  causes  it  of 
course  to  be  more  strengthening  and  tonic,  but  iron  is  a  tonic  which  does 
not  suit  all  persons ;  and  if  it  be  desirable  that  we  should  take  it  at  all, 
since  it  is  a  medicine,  it  should  be  administered  in  suitable  cases  only 
by  the  physician,  and  not  indiscriminately  by  the  brewer. 

From  different  sources  we  obtain  the  following  information  in 
reference  to  the  use  of  many  of  the  substances  above  enumerated. 

Mr.  Phillips  furnished  the  Committee  on  Adulteration  of  1855  with 
the  subjoined  evidence  in  regard  to  the  adulteration  of  beer: — 

'  It  is  chiefly  common  salt  and  sulphate  of  iron  that  are  used  for 
adulterating  beer,  and  also  quassia.'' 

Mr.  Edwin  Wickbam's  evidence  was  to  tbis  effect : — 

'  From  my  experience  in  brewing  I  believe  that  the  great  adultera- 
tion of  beer  takes  place  in  the  cellais  of  the  publicans  and  not  in  the 
breweries,  although  I  know  it  is  done  by  some  brewers.' 

Mr.  Scholpfieid.  '  Do  you  believe  that  the  adulteration  of  beer  is  a 
common  thing  ?  ' — '  Very  common,  so  much  so  that  the  exception  is 
not  to  adulterate  ;  and  1  believe  those  exceptions  are  very  few.' 

Mr.  Wickham  gave  the  following  as  the  receipt  in  freqiient  use 
amongst  publicans  for  the  adulteration  of  porter : — 

'  To  one  barrel  of  porter  eight  gallons  of  water,  six  pounds  of  siigar, 
one  pound  of  gelatin  (or  patent  size  will  do),  a  handful^  of  couunon 
salt,  extract  of  gentian  or  quassia  to  restore  to  it  the  oi-iginal  bitter 
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;lflavour,  sulphate  of  ammonia  to  bring  it  back  to  its  colour,  half  an 
ounce  of  sulphate  of  iron,  and  if  required  to  taste  oldish,  an  ounce  of 
troche  alum.' 

Again,  Mr.  Wickham  affirmed—'  I  have  known  single  instances 
oof  tobacco  being  used  iu  beer.' 

Mr.  P.  L.  Simmonds,  in  evidence  before  the  same  Parliamentary 
t  Committee,  stated  that  '  at  least  260  tons  of  cocculus  indicus  are 
iiannuaUy  imported,  chiefly,  I  suppose,  for  the  use  of  brewers.' 

He  further  stated  that  '  from  200  to  300  tons  of  the  acrid  seeds 
■  of  cardamom,  or  grains  of  paradise,  are  also  annually  imported,  and 
.chiefly  used  to  give  an  artificial  strength  to  beer  and  spirits.'  Also 
:  that  <  cocculus  indicus  is  commonly  introduced  into  beer  for  the  pur- 
pose of  giving  a  false  strength  to  it.  In  one  case  which  came  under  my 
knowledge,  the  publican  was  found  using  it  for  the  purpose  of  adulte- 
rrating  his  beer  to  be  sold  the  next  day.' 

Mr.  Gav,  in  the  evidence  before  quoted  from  more  than  once,  gave 
:  tlie  tollowing  miormationm  regarato  cocculus  indicus  : — 

He  stated  '  I  have  ground  many  hundredweights  of  cocculus  indicus.' 

Mr.  Moffatt.  '  What  is  it  used  for  ? ' — '  I  suspect  to  go  into  the  poor 
rxuan's  drink.' 

'For  whom  did  you  grind  cocculus  indicus?' — 'For  wholesale 
iiruggists.' 

^Ir.  Eodgers  alleged  in  his  evidence  that '  cocculus  indicus  can  be 
lobtained  from  the  brewers'  druggists  under  the  name  of  multum.'' 

Mr.  Simmonds  also  made  this  remark  in  his  evidence — '  In  the 
pguburbs  of  London  I  may  mention  that  it  is  a  common  practice  -with 
ithe  publicans  to  adulterate  beer  on  Satm-day  nights  much  more  than 
con  other  nights.' 

He  likewise  deduced  the  inference  that  beer  is  extensively  adulte- 
r  rated  from  the  following  statistical  particulars : — 

'  There  is  one  matter,'  he  observed,  '  which  occurs  to  me  as  being 
•  exceedingly  singular,  which  is  that  the  consumption  of  malt  and  hops 
i-continued  stationary,  though  the  consumption  of  beer,  with  the  in- 
ccreasing  population,  must  have  increased  very  largely.  In  the  last  fifteen 
\years  there  has  been  scarcely  any  variation  in  the  amount  of  hops  con- 
>sumed,  and  some  substances  must  therefore  be  used  veiy  extensively 
;to  make  up  the  difference.  The  extent  of  land  under  cultivation  for 
ibops  in  the  last  three  years  has  averaged  60,000  acres,  being  only 
r7,000  acres  beyond  the  culture  of  thirty  years  ago.  The  home  produc- 
ttionin  the  last  ten  years  has  scarcely  increased  at  all,  and  yet  the  ship- 
rments  of  beer  and  ale  have  more  than  trebled  in  value,  and  the  home 
consumption  must  necessarily  have  increased  also.' 

Another  fact,  proving  the  extensive  practice  of  adulteration  in  beer, 
'.was  related  by  Mr.  Wickham,  in  reply  to  the  question  by  Mr.  Swift : — 

'  Is  it  not  customary  for  publicans  to  sell  the  beer  at  the  price 
'which  they  pay  to  the  brewers,  so  that  this  adulteration  forms  their 
.actual  profit ' — '  Yes,  many  publicans  do  so.' 
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Mr.  Morris,  who  wrote  a  book  some  years  since,  entitled  '  Brewing 
Malt  Liquors'  described  and  recommeuded  a  variety  of  articles  to 
be  employed  in  the  brewing  of  beer  and  porter,  as  colouring,  cocculus 
indicus,  sioeet  flag  root,  quassia,  coriander  seeds,  capsicum,  caraway 
seeds,  grains  of  paradise,  ginger,  beam,  ojfster  shells,  and  alum.  '  The 
colouring,'  Mr.  Morris  remarked,  '  gives  a  good  face  to  the  beer,  and 
enables  you  to  gratify  the  sight  of  your  different  customers.'  And 
again,  '  Beans  tend  to  mellow  malt  liquor,  and  from  their  properties 
add  much  to  its  inebriating  qualities ;  but  they  must  not  be  used  in 
too  large  a  quantity.   Oyster  shells  are  very  good  to  recover  sour  beer. 

'  Alum  is  generally  put  into  the  vat,  as  it  gives  the  beer  a  smack  of 
age. 

'  Oocculus  indicus  is  used  as  a  substitute  for  malt  and  hops,  and  is 
a  great  preservative  of  malt  liquor.  It  prevents  second  fermentation 
in  bottled  beer,  and  consequently  the  bursting  of  the  bottles  in  warm 
climates.    Its  effects  are  of  an  inebriating  nature.' 

Another  writer,  Mr.  Child,  also  the  author  of  a  work  on  brewing 
porter,  which  went  through  eleven  editions,  gave  the  following  receipt 
for  making  porter  : — 


1  quarter  of  malt. 

8  lbs.  of  hops. 

9  lbs.  of  treacle. 

8  lbs.  of  liquorice  root. 
8  lbs.  of  essentia  bina. 
8  lbs.  of  colour. 
Cap>icum,  half  an  ounce. 
Spanish  liquorice,  two  ounces. 


Cocculus  indicus,  a  quarter  of  an 
ounce. 

Salt  of  tartar,  two  drachms. 
Heading. 

Ginger,  three  ounces. 
Lime,  four  ounces. 
Linseed,  one  ounre. 
Cinnamon,  two  drachms. 


The  essentia  bina,  he  states,  '  is  compounded  of  8  lbs.  of  moist 
sugar,  boiled  in  an  iron  vessel  (for  no  copper  one  could  withstand  the 
heat  sutficiently)  till  it  comes  to  a  thick,  syrupy  consistence,  perfectly 
black  and  extremely  bitter.' 

Colom-  'is  composed  of  8  lbs.  of  moist  sugar,  boiled  until  it  obtains 
a  middle  state  between  bitter  and  sweet,  and  which  gives  to  porter 
that  mild,  mellow  colour  usually  so  much  admii-ed.' 

The  heading  '  is  a  mixture  of  half  alum  and  half  copperas,  gTound 
to  a  fine  powder  ;  and  is  so  called  from  gi^ang  to  poi-ter  the  beautiful 
head  of  froth  which  constitutes  one  of  its  peculiar  properties,  and 
which  landlords  are  so  anxious  to  raise  to  gratify  their  customers.' 

Other  receipts  by  Mr.  Morris  are  as  follow : — 


3Ialt,  25  quarters. 


Hops 


Leghorn  juice 
Porter  extract 


cwt.  qrs.  lbs. 
12  0 


Cocculus  indicus  beriy  •      •      •      •      *^      2  oa 


0      0  30 
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Malt,  20  quarterit. 

cwt.  qrs.  iba. 

Hops  2  0  0 

Cocculus  indicu3  berry   ....      0  0  4 

Sugar   0  0  28 

Fabia  amara  (nux  vomica)   ...       0  0  6 

He  also  gave  the  following  dii'ections : — 

To  make  up  a  Vat  of  160  Bmrels. 

'  Use  half  a  barrel  of  colom-ing,  a  quarter  of  a  hundredweiglit  of 
cream  of  tartar,  a  quarter  of  a  hundredweight  of  ground  alum,  one 
pound  of  salt  of  steel,  and  two  ban-els  of  strong  finings.  Mix  these 
well  together,  and  put  them  in  a  vat,  rousing  it  thoroughly  at  the 
same  time.  Let  the  vat  remain  open  three  days,  then  close  it  and 
sand  it  over.  In  a  fortnight  it  will  be  fit  for  use— your  own  good  sense 
will  inform  you  how  to  employ  it  to  advantage.' 

The  extensive  employment  of  various  drugs  for  porter  brewing  led, 
many  years  since,  to  the  establishment  of  a  class  of  men  termed 
*  brewers'  druggists.'  These  persons  issued  regular  price-cm-rents,  and 
they  made  it  their  business  to  send  travellers  aU  over  the  country  with 
lists  and  samples  exhibiting  the  price  and  quality  of  the  articles 
manufactm-ed  by  them. 

IVlr.  Accum  states  that  '  their  trade  spread  far  and  wide,  but  it 
was  amongst  the  country  brewers  chiefly  that  they  found  the  most  cus- 
tomei-s,  and  it  is  amongst  them,  up  to  the  present  day,  as  I  am  assured 
by  some  of  these  operators,  on  whose  veracity  I  can  rely,  that  the 
greatest  quantities  of  unlawfid  ingredients  are  sold.' 

'  It  was  at  the  same  time,  also,'  writes  Acciun,  '  that  a  Mr.  Jackson, 
of  notorious  memory,  fell  upon  the  idea  of  brewing  beer  from  various 
drugs  without  any  malt  and  hops.  This  chemist  did  not  tm-n- brewer 
himself,  but  he  struck  out  the  more  profitable  trade  of  teaching  his 
mysteiy  to  the  brewers  for  a  handsome  fee.  From  that  time  forwards, 
written  directions  and  receipt-books  for  using  the  chemical  prepara- 
tions to  be  substituted  for  malt  and  hops  were  respectively  sold ;  and 
many  adepts  soon  afterwards  appeared  everywhere  to  instruct  brewers 
in  the  nefarious  practice  first  pointed  out  by  Mi-.  Jackson.' 

The  following  remark,  contained  in  Dr.  Normandy's  work,  entitled 
I  Commercial  Handbook  of  Chemical  Analysis,'  would  lead  us  to 
infer  that  the  fraternity  of  brewers'  druggists  is  not  even  yet  ex- 
tinct : — 

'It  is  a  publicly  known  fact  that  carts  mav  be  seen  bearing  the 

inscription,  in  staring  paint,  of  "  C  ;  brewers'  druggists."    Such  a 

cart  I  have  myself  seen  a  few  days  ago  standing,  in  the  broad  light  of 
midday,  before  a  publican's  shop  or  gm  palace.' 
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Some  idea  of  the  extent  to  -which  porter  is  adulterated  may  also  be 
formed  from  the  two  foUowinpr  circumstances : — 

It  has  been  shown  before  the  Parliamentary  Committee  on  Public- 
Houses,  on  the  clearest  evidence,  that  it  is  quite  impossible  for  a  pub- 
lican to  realise  any  profit  by  the  sale  of  beer  without  having  recourse 
to  adulteration. 

Ao-ain,  Mi-.  M  OuUoch,  a  witness  before  the  same  Committee,  not 
only  deposed  to  the  fact  of  the  extensive  adulteration  of  beer  by  pub- 
licans, bat  he  also  estimated  the  loss  to  the  State  arising  out  of  that 
adulteration  at  100,000^.,  in  consequence  of  the  diminished  consump- 
tion of  malt. 

Not  only  is  beer  itself  adulterated,  but  frequently  the  very  mate- 
rials out  of  which  it  is  made  are  also  adulterated,  as  the  hops  and 
malt. 

The  Adulteration  of  Malt. 
Barley  is  sometimes  substituted  for  malt,  to  the  great  loss  of  the 
revenue. 


The  Adulteration  of  Hops. 

In  regard  to  the  adulteration  of  hops,  Mv.  Phillips  gave  the  following 
information  before  the  Committee  on  Adulteration  in  1855 Most 
of  the  40  samples  of  hops  I  have  spoken  of  contained  (^rffin*^ of  para- 
dise ;  in  one  instance  we  had  cocculus  indicus,  but  only  in  one  instance.' 

These  40  samples  of  hops  were  examined  by  the  Excise  in  twelve 
years,  and  out  of  them  35  were  found  to  be  adulterated,  the  substances 
met  with  being  grains  of  paradise,  quassia,  chiretta,  gentian,  camomile 
Jloivers,  coriander  seeds,  and  in  one  instance  cocculus  indicus,  and  in 
another^  exhausted  tobacco. 

Results  of  the  Examination  of  Samjjles  of  Porter  and  Stout. 

The  results  of  the  chemical  examination  of  ffty-tivo  samples  of 
stout  and  iwrter,  there  being  thirty-two  of  the  former  and  twenty  of 
the  latter,  procured  both  from  brewers  and  publicans,  were:— 

The  samples  of  stottt  either  obtained  from  agents,  or  purchased 
at  the  taps  of  several  of  the  principal  London  porter  brewers,  were 
considerablv  stronger  than  those  procured  frompubhcans  ;  the  alcohol, 
of  specific  gravitv  "796,  temperature  15-5°  C,  contained  in  the  former 
samples  ranged  from  7-15  per  cent,  by  volume  the  highest,  to  4-53  the 
lowest ;  whereas  that  of  the  stouts  procured  from  publicans  varied, 
with  one  exception,  from  4-87  per  cent,  to  3-25  per  cent. 

The  same  diiference  of  strength  also  characterised  the  various 
samples  of  portek  procui-ed  from  the  two  different  sources;  the 
amount  of  alcohol  in  the  porters  obtained  from  the  taps  varying  trom 
4-51  per  cent,  to  2-42  per  cent. ;  whereas  those  purchased  ot  publicans 
ranged  from  3-97  per  cent,  to  I'Sl  per  cent. 
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In  nearly  all  tlie  stouts  and  porters  salt  was  present,  often  in 
considerable  amount. 

In  some  of  the  samples  cane  sugar  and  treacle,  were  likewise 
present. 

Great  as  was  the  variation  in  thfe  strengrth  of  the  different  samples, 
arising  mainly  irom  dilution  with  water,  there  is  no  doubt  but  that  if 
the  porter  and  stout  had  been  procured  direct  from  the  brewers,  in 
place  of  from  the  public-houses  known  as  brewers'  taps,  the  difference 
would  have  been  found  to  be  still  greater. 

Such  is  the  simplest  form  which  the  adulteration  of  these  beverages 
assumes ;  not  unfrequently  it  takes  a  more  complicated  and  serious 
form. 

The  receipt  or  formula  according  to  which  the  majority  of  articles 
of  consumption  are  adulterated,  is  an  exceedingly  simple  one. 

First  there  is  something  added  to  augment  the  weight  and  bulk  of 
the  article ;  then  something  to  restore  the  lost  colour ;  and  lastly, 
something  to  give  to  the  adulterated  and  weakened  compound,  as  far  as 
possible,  the  taste  and  qualities  possessed  by  the  genuine  commodity. 

It  is  according  to  this  formula  that  porter  and  stout  are  adulte- 
rated ;  first  xmter  is  added  to  increase  the  bulk,  and  then  treacle,  sugar, 
I  and  salt,  to  restore  the  colour  and  flavour. 

The  dilution  of  the  beer  makes  it  less  intoxicating,  and  hence  the 
I  occasional  use  of  a  variety  of  the  other  articles  intended  to  impart  to 
i  it  the  semblance  of  strength. 

Mr.  Phillips  found  that  grains  of  paradise  had  been  added  in  14 
I  out  of  20  samples  subjected  to  analysis. 

Ovit  of  20  samples  of  adidterated  beer,  examined  in  1863,  Mr. 
.  PhiUips  found  cocculiis  indictcs  in  large  quantities  in  two  instances, 
I  and  in  one  tobacco. 

The  remedy  by  which  the  adulteration  of  malt  liquors  may  be  met 
!  appears  to  us  to  be  clear  and  simple,  and  it  is  one  to  which  we  some 
'years  since  had  the  opportunity  of  directing  the  attention  of  the  Oom- 
rmittee  of  the  House  of  Commons  on  Public-Houses;  it  is,  that  no 
rmalt  liquors  should  be  permitted  to  be  sold  by  any  publican  under  cer- 
'  tain  fixed  or  standard  strengths,  the  testa  of  strength  being  not  the 
■specific  gravity  of  the  beers,  but  principally  the  amoimt  or  percentage 
t  of  alcohol  contained  in  them. 

Such  a  regulation,  properly  enforced,  would  effectually  put  a  stop 
rto  the  adulteration  of  malt  liquors  hy  the  addition  of  water,  sugar, 
^salt,  and  most  of  the  other  substances  mentioned  in  this  report ; 
sand  it  need  not  in  any  way  interfere  with  the  different  recog- 
r^nised  strengths  and  qualities  of  malt  liquors  now  in  use,  as  single  and 
Idouble  stouts,  ales,  and  porters. 

It  having  been  proved  that  beer  is  very  extensively  adulterated,  let 
':us  now  enquire  how  far  the  Excise  at  the  time  when  the  above  analyses 
mere  made  protected  the  revenue  in  the  case  of  this  article. 
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As  has  been  shown,  7n(dt  and  /tops,  the  ingredients  used  in  brewin-- 
Ijeer,  are  both  adulterated,  as  is  also  the  beer  itself. 

It  appears  from  the  evidence  of  Mr.  Phillips,  already  quoted,  that 
the  E.xcise,  with  its  70  chemists  and  4,000  inspectors,  in  the  course  of 
twelve  years,  examined  only  40  samples  of  hops,  of  which  35  were 
adulterated. 

With  regard  to  malt,  the  Excise  was  then  inaStat*  of  happy  igno- 
rance, as  appears  from  the  following  remarlis  of  ISIr.  Phillips:—       ^  ^ 

Mr.  Villicrs.  '  What  information  can  \ou  give  us  respecting  malt  .'^ 
 '  The  fact  is,  we  have  been  in  some  difficulty  about  that,  and  I  be- 
lieve we  have  arrived  at  a  means  by  which  we  can  detect  any  mixture. 
It  is  possible  we  may  have  been  defrauded  of  malt  duty  by  the  mix- 
tuie  of  grain ;  some  traders  assert  we  have  largely,  but  I  cannot  say  of 
my  own  Imowledge.'  ^  .  n        ^  r 

'  AVhat  would  be  the  natm-e  of  the  mixture? '—'  Chiefly  barley,  1 

suppose.^^^_^^  was  but  little  better  informed  respecting  heer.  Of  1 ,139 
samples  examined  by  the  Excise  in  twelve  years,  talven,when  about  to 
be  exported,  from  vessels  for  the  purpose  of  ascertaining  their  gravity 
so  that  the  drawback  might  be  allowed,  that  scientific  body  succeeded 
in  discovering  adulteration  in  only  twelve  samples. 

Such  is  a  summary  of  aU  that  the  scientific  department  ot  the 
Excise  at  the  time  referred  to  had  been  able  to  efi'ect  m  discovering 
adulterations  in  hops,  malt,  and  beer. 

XHB  DETECTION  OF  THE  ADTJLTERATIONS  OF-  MALT  BEVERAGES. 

Detection  of  ?<;«ier.— The  presence  of  added  water  can  only  be  in- 
ferred when  the  specific  gravity,  total  solids,  including  mineral  matter, 
and  alcohol,  are  all  below  those  characteristic  of  beer  of  good  quahty. 
Hence  it  is  necessary  that  the  analyst  should  be  furnished  with  certain 
authoritative  standards  to  guide  him.  Wbat  these  standards  should  be 
we  have  already  endeavoured  to  indicate  in  the  dehmtion  given  at  the 
head  of  this  article.  It  may  seem  somewhat  arbitrary  to  Prohibit  a 
brewer  from  malring  malt  beverages  of  any  strength  he  thinks  fit;  but, 
inasmuch  as  he  sells  these  beverages  under  certain  distinct  names,  as 
beer,  ale,  porter,  and  stout,  it  is  only  just  that  the  P^^ic  should  have 
the  means  of  knowing  what  those  names  really  signify,  and  thisk-now- 
ledcre  must  be  based  upon  the  actual  composition  of  these  beverages. 

"it  is  not  insisted  that  they  should  always  be  of  one  invariable 
strength  and  composition,  but  only  that  they  should  never  te  permit- 
ted to  fall  below  a  certain  very  moderate  standard.  In  no  other  way 
than  this  is  it  possible  to  prevent  the  adulteration  of  malt  bevei-ages 

""^Stlndards  of  comparison  are_ equally  required,  as  we  have  abeady 
seen  in  the  case  of  milk  and  spirits.  ,      .    ,  j       i  „„j 

DetSion  of  cane  su^/ar.-Under  this  head  we  include  molasses  and 
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treacle,  since  these  contain  a  considerable  portion  of  cane  suoar.  Of 
course  if  cane  sugar  be  added  to  the  wort,  it  will  no  longer  exist  as 
such  in  the  fermented  beverage ;  it  will  all  have  been  transformed  into 
glucose  and  alcohol,  and  hence  its  discovery  would  be  possible  oulv 
by  indirect  methods,  that  is  to  say  by  detecting  in  the  sediment  of  the 
beer  either  the  sugar  acarus  or  the  dotted  and  characteristic  particles 
of  the  sugar-cane. 

When,  however,  the  cane  sugar  has  been  added,  as  it  frequentlv  is 
after  the  fermentation  of  the  beer,  as  when  twu  barrels  of  beer  are 
made  by  the  publicans  into  three  barrels— a  common  practice,  as  has 
abeady  been  explained —then  its  discovery  is  more  practicable.  Not 
unfrequently  crystals  of  cane  sugar  may  be  obtained  by  the  careful 
evaporation  of  the  extract  of  the  beer,  especially  if  the  sugar  has  been 
added  in  the  raw  state,  and  not  as  treacle.  Or"  the  cane  sugar  may  be 
estimated  after  its  conversion  into  glucose  bv  boiling  in  the  usual 
manner  with  dilute  sulphuric  acid.  Of  course"  the  dextrin  proper  to 
the  beer  is  converted  at  the  same  time,  but  there  should  be  a  certain 
relation,  more  or  less  definite,  between  the  amounts  of  starch  suo-ar 
and  dextrin  in  genuine  beer,  a  relation  which  would  be  entirely  de- 
stroyed if  cane  sugar  had  been  added. 

Again,  in  this  case  there  is  an  increased  chance  of  detecting  by  the 
microscope  in  the  residue  of  the  beer  the  sugar  acarus  and  the  W- 
ments  of  the  sugar-cane. 

Detection  of  liquorice.— This  substance  is  usually  added  to  the  porter 
.  or  stout  m  the  same  manner  as  the  cane  sugar  after  fermentation  If 
liquorice  has  been  employed  in  the  adulteration  of  any  beer  we 
beheve  that  its  presence  would  be  sufficiently  indicated  by  the  taste  of 
•  the  carefully  evaporated  extract,  and  again,  since  stick  liquorice  is 
;  almost  always  adulterated,  very  frequently  with  different  kinds  of  flour 
.  or  starch,  and  since  also  it  is  usually  much  contaminated  with  copper 
-  we  are  fm-nished  in  these  particulars  with  methods  wherebv  in  some 
1  cases  It  would  be  possible  to  detect  the  presence  of  liquorice  m  beer 

For  the  flour  or  starch  search  should  be  made  in  the  deposit  in  the 
.  cask,  which  may  be  readily  obtained  by  means  of  a  long  glass  tube 
;  while  for  the  detection  of  the  copper  a  considerable  amount  of  the  beer' 
nncluding  some  of  the  residue  at  the  bottom  of  the  cask,  should  be 
<  evaporated,  the  residue  incinerated  and  the  ash  tested  for  corner  in 
t  the  usual  manner. 

Furthermore  liquorice  contains  a  peculiar  form  of  sugar,  named 
•.(l.ycyrrhizin.  This  is  distinguished  from  other  sugars  bybein^un- 
i  fermentable  and  by  its  solubility  in  ether,  whereby  it  may  be  extracted 
rirom  the  residue  of  the  beer  obtained  by  evaporation 

Detection  of  Immtmgar.—^xxxc^  black  or  patent  malt  contains  a 
Uarge.  amount  of  burnt  sugar,  it  is  of  course  not  possible  to  state  inanv 
^case  whether  that  substance  has  been  directly  added  to  the  beer,  or 
vwhetner  it  has  been  introduced  through  the  m'alt  employed 

According  to  R.  Schuster  (' Dingier 's  Polyt.  Journ.')  genuine  beer 
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when  shaken  with  a  solution  of  tannin,  becomes  decolorised,  while 
that  coloured  with  hurnt  sugar  still  retains  the  greater  part  of  ita 

^^^"^JDetection  of  vec/etable  bitters.— SeveraX  of  the  bitter  substances  re- 
ferred to  uader  the  head  of  the  adidteration  of  beer  contain  active 
crvstaUisable  substances,  which  in  some  cases  will  serve  for  the  iden- 
tification of  the  bitter.  This  is  notably  the  case  with  gentian,  quassia, 
and  wormwood.  CMittan  contains  a  crystallisable  acid,  called  f/etdumic 
add,  having  the  formula  Oj,n,oO,;  this  is  not,  however,  the  bitter 

llso  ^contains  a  crystallisable  substance,  to  which  the  bitter- 
ness of  the  root  is  due,  and  which  is  termed  quassm.  It  is  obtained 
from  the  root  by  extraction  with  alcohol,  the  crystals  being  small  white 
opaque  prisms,  permanent  in  the  aii",  inodorous,  and  possessing  a  verj' 

bitter  principle.  ,  •     .        •    n  tt  n 

The  active  principle  of  wormwood  is  absynthtn,  Kj^f^O.^^^  ^ 
For  further  details  respecting  these  substances  see  '  Watts  s  Uic- 

^^'^^M^'Sorby  states  that  he  can  detect,  by  means  of  the  spectroscope, 
calumha  j-ooi  when  present  in  the  proportion  of  not  less  than  2  ounces 
in  the  gallon.  He  evaporates  a  portion  of  the  suspected  beer,  ex- 
hausts the  syrup  with  alcohol,  and  evaporates  this  solution  to  dryness. 
A  sofutirn  of  hypochloride  of  soda  is  then  added,  and  the  spectrmu 
observed.  Genuine  beer  will  give  a  spectrmn  7  .  .  8  -  -  J-ot 
Sorby's  scale,  while  calmnba  root  fm-nishes  one  at  6^  .  .  i.^  _  o. 
Sorbv  *  Quarteriy  Jom-nal  Microscopical  Science,  vol.  xxxvi. 

The  other  substances  named  are  chiretta,  bitter  orange  peel 
camomile,  but  little  is  as  yet  known  of  the  chemistry  of  these 
Stances,  and  it  is  uncertain  whether  they  contein  any  active  prin- 
ciples  or  not  which  would  aUow  of  their  ideutifacation.  _ 

^  Hence  in  the  present  state  of  science  it  maybe  mW  that  it 
would  be  impossible  to  identify  in  all  cases  the  bitter  substances  em- 
ployed in  the  adidteration  of  beer,  and  as  a  substitute  for  hops  StiU 
£  many  instances  it  would  be  practicable  to  f  tablish  the  fact  that 
som^  Htter  substance  has  been  added  to  beer  other  than  the  lupulin  of 


detection  of  picric  acid.-U.  Lassaigne  finds  that  this  substance 
is  not  piSipitated  by  subacetate  of  lead,  which  throws  down  most  o 
the  other  colom-ing  inatters  of  beer,  as  well  as  the  bitter  principle  o 
Lops  and  a  so  that  it  is  not  absorbed  by  common  bone  charcoal 
thoimiS  purified  by  acids.  By  means  of  one  or  other  of  these  sub- 
Unc  8  he  succeeds  in  obtaining  a  tolerably  pure  solution  of  picric 
acW  M  Lassaigne  states  that  while  pure  beer  is  ahiiost  entnely 
decolorised  by  either  subacetate  of  lead  or  pm-ified  bone  charcoal  beer 
Stemted  with  the  one  twelve-thousandth  or  even  the  one  eigh teen- 
Jhoimndth  part  of  picric  acid,  remains  of  a  yellow  cifa-on  colour 
Supposing  tl^e  beer  to  contain  a  stiU  more  minute  quantity-  of  piciic 
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acid,  it  imist,  subsequent  to  the  use  of  one  or  other  of  the  above 
substances,  be  evaporated  until  the  yellow  citron  colour  is  produced 
It  13  possible  that  by  the  above  method  picric  acid  might  be  detected 
m  poor  and  pale  beers,  but  we  very  much  doubt  whether  it  would 
be  successful  in  the  case  of  London  stout  and  porter,  which  are  not 
entirely  decolorised  by  either  subacetate  of  lead  or  pm-ified  charcoal 

bhoiild  picric  acid  be  present,  the  beer  wiU  retain  its  bitterness  after 
the  precipitation  of  the  bitter  principle  of  the  hop  by  means  of  sub- 
acetate  ot  lead. 

But  a  still  more  delicate  test  is  the  property  which  picric  acid  pos- 
sesses of  imparting  a  yellow  colour  to  wool,  first  employed  for  its  detec- 
tion by  Pohl  In  fact,  if  the  wool  be  retained  in  the  beer  for  a 
sulhcienfc  length  of  time,  the  whole  of  the  picric  acid  will  be  precipi- 
tated upon  it.  ^  ^ 

^J}^  ^tJ"  some  imbleached  wool  for  about  ten 

minutes.  The  woo  is  then  removed  and  washed.  When  the  beer  is 
pure  t^«.,^oolwiU  remain  white,  but  if  it  contain  even  one  part  of 
picm  acid  m  125,000  paits  of  beer,  the  wool  will  be  dyed  of  a  yellow 

But  since  other  colouring  matters  of  the  beer  are  also  precipitated 
u^on  the  wool,  it  has  occun-ed  to  H.  Bninner  to  separate  the%icric 
acid  fioni_  the  wool  by  extracting  it  with  hot  aqueous  ammonfa 
The  solution  is  concentmted  on  the  water-bath  to  a  very  smaU  bulk 
and  a  few  drops  of  a  solution  of  cyanide  of  potassium  are  added  IfZe 
:  minutest  ti-ace  of  picric  acid  be  present,  a  red  coloration  of  isopurpm-ate 
•  ■   Innnnr       ^/  P^'oduced.    By  this  method  one  part  of  pS  acid 
I  m  500,000  parts  of  water  may  be  detected  ^ 

JJetectton  ofpieroto.iin.-The  active  principle  of  cocciUus  indicus 
.IS  picrotoxm,  the  presence  of  which  in  beer  may  fortunatelv  S 

\trZ:tX  *°  de'viseTbT  thtlat: 

Herapath  has  directed  that  the  beer  or  porter  should  be  first 
ttreated  with  excess  of  acetate  of  lead,  so  as  to  tb-ow  down  all  o-uLS 
.colouring  matter^   The  clear  liquor  is  then  to  be  separateTbv  fiCtion 
:  and  the  excess  of  lead  precipitated  by  sulphm-etted  hydi-ogen  Ser 
sstandmgfor  some  time,  or  boilino-  so  as  to  o-Pt  v\/^  .         ^  I 
.sulphuretted  hydrogen,  it  is  to  b^e  fil  W  agSn.  "^Thl 
.obtained  IS  to  be  evaporated  at  a  moderate  temperatiire  S  it  b^ 
ocomes  rather  thick  and  then  treated  with  a  little  pL  aSLrchaicoaT 
.After  agitation  and  the  lapse  of  a  few  houi-s,  the  charcoal  ?s  coEed 
:on  a  filter,  washed  with  very  little  water,  and  dried  on  the  water-bath 
IThe  charcoal  con  ains  the  picrotoxin,  which  may  be  serrated  bv 

tn  ZT"'^  and  evaporatirgTlryness 

on  shps  of  glass      It  is  recognised  by  its  forming  pkimose  Uifts 
"Of  acicukr  crystals,  or  else  oat-shaped  forms.    If\StS  thne  b! 
IWd  in  the  evaporation  the  picroto'xin  ciystallises  T^ZaSer^ 
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Dr  Lant^lev,  of  Michigan,  recommends  the  acidulation  of  the  beer 
with  hydrochloric  acid  and  af,ntation  with  ether,  which  dissolves  out  the 
picrotoxin-the  hydrochlorides  of  the  other  a  kaloids  being  msoluhle  in 
that  meustruum.  The  ethereal  solution  is  then  evaporated,  when  the 
crS  S  ^ay  be  further  tested  '  by  rubbing  with  nitrate 

of  pSash  adding  a  drop  of  sulphuric  acid,  and  then  a  strong  solution 
of  potash  or  soda!    A  bright  reddish-yellow  colour  is  given  if  picrotoxin 

be  nresent.' — Parlies.  .  , .  , 

-DpfPction  of  nux  vomica  and  strychnin,  opium  and  morphin,  and 
tobacco  and  ndcotin.-M  least  one  gallon  of  the  beer  is  evaporated 
on  the  water-bath  at  a  temperatiu-e,  which  should  never  nse  above 
ftn°  0  The  syi-upy  residue  is  extracted  with  repeated  quantities  ot 
cold  absolute  alcohol,  and  the  alcoholic  solution  evaporated  on  the 
water-bath  at  a  temperature  not  exceeding  that  above  mentioned. 
The  M  which  is  strongly  acid,  is  to  be  very  nearly  bu  not  quite, 
neutralised  by  means  of  soda  solution,  and  it  is  then  well  shaken  with 
pSe  ether.  V  ether  takes  up  the  pcrotoxm,  if  present  and  the 
eSereal  solution  is  to  be  evaporated  and  tested  for  the  alkaloid. 

The  Uquid,  after  the  removal  of  the  ether  by  heating  it,  is  now  to 
te  rendeid  di^tinctlv  alkaline  by  means  of  soda  whereby  the  alkaloida 
are  bberated  ;  it  is  again  well  and  repeatedly  shaken  with  pure  ether, 
and  afSan  hour  ortwothe  ether  is  separated  and  evaporated  at  a  ver. 
low  temperature  in  a  glass  basin  or  large  watch-glass.  The  ether  will 
d^sohrthe  S^^^  and  nicotin  but  not  the  morphin  which  re- 
?n  the  allaline  liquid.  If  on  the  evaporation  of  the  eAer  no 
Sue  remains,  no  alkaloid  can  be  present,  but  if  an  oi  y  and  strongly 
residue  lemaius,  presence  of  tobacco  m  the  beer  may  be 

TspSfd!  '  ifV  depoL  is  formed,  strychnin  would  probably 

^"'TJeTeSdt,  if  any,  whether  oily  or  crystalline,  is  tested  as  fol- 
lowI!^I  portion  is  "^'lightly  heated.  A  smell  of  tobacco  would 
vo^ocl  t>i(^  nresence  of  nicotin  bevoud  aU  douDt. 

To  another  part  of  the  residue  a  small  fragment  of  chromate  of 
Tnd  a  drop  of  sulphm'ic  acid  are  added.  The  slightest  trace  of 
SvtnS  wm  b?dete^^^^^^  by  the  liquid  assuming  a  deep  and  beautiful 

"^^r^J'CtS^^^^     morphin,  the  solution  is  acidulated  with  hv- 

the  ^ater-bath.    11  morp  p  ^^^^^^^  p^^. 

microscopic  ™edles.  ^^^^^^^^J^^  its  concentrated  solution  separates 
seuce  of  '^"n^lilii^  |^  heated  in  the  water- 

iodine  W  a  solution  of  iodic  acid^^ncl^^t  ,,„,entrated  sul: 

rri^aSd^-S^^a  S  ^  prodLes  a  violet  coloration 
Satti  reacti     is%ery  distinctive  of  morphin. 
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The  following  process  for  the  detection  of  strychnin  has  been 
published  by  Mr.  Rodgers : — '  The  evaporated  extract  of  the  beer  is 
digested,  after  the  addition  of  a  little  hydrochloric  acid,  in  an  evapo- 
rating basin,  then  strained  and  evaporated  to  dryness  over  a  water- 
bath  ;  digest  the  residue  in  spirit,  filter,  and  again  evaporate  to  dryness ; 
treat  with  distilled  water  acidulated  with  a  few  drops  of  hydrochloric 
acid,  and  filter ;  add  excess  of  ammonia,  and  agitate  in  a  tube  with 
chloroform.  The  strychnin  in  an  impure  condition  is  entirely  separated 
with  the  chloroform.  This  chloroform  solution  is  to  be  carefully 
separated  by  a  pipette  and  poured  into  a  small  dish,  wiped  to  dryness  ; 
the  residue  evaporated,  moistened  with  concentrated  sulphuric  acid, 
and  heated  over  a  water-bath  for  half  an  hour  ;  water  is  then  added 
and  excess  of  ammonia,  the  mixtm-e  being  agitated  once  more  with 
chloroform,  when  the  strychnin  wiU  be  again  separated,  now  in  a 
state  of  suificient  pm'ity  for  testing,  which  can  be  done  after  evapo- 
rating a  few  drops  on  a  piece  of  white  porcelain.' 

Detection  of  carmiiiatives. — The  carminatives  employed  in  the 
adulteration  of  beer  may  be  divided  for  the  most  part  into  two  classes. 
In  the  one  the  active  principles  are  not  dissipated  by  the  temperature 
of  boiling  water,  and  hence  they  will  be  found  in  the  extract  of  the 
beer,  evaporated  on  the  water-bath.    To  this  division  belong  ginger, 
I  eapsicimi,  and  grains  of  paradise.    The  active  principles  of  these  may 
be  separated  from  the  extract  of  beer  by  ti-eating  it  with  alcohol, 
1  evaporating  the  alcoholic  solution  nearly  to  drjoiess,  and  exhausting  the 
I  residue  with  ether,  in  which  the  lupulin  is  insoluble.    The  ethereal 
•  solution  may  now  be  evaporated  and  tested.    The  taste  will  aftbrd 
a  sufficient  distinction  between  the  named  substances,  but  if  any  doubt 
t  be  entertained  as  to  the  presence  of  capsicin  this  will  be  dissipated 
I  by  burning  the  extract,  fumes  of  an  intensely  acrid  character  being 
f  evolved. 

In  the  other  division  the  active  principles  consist  of  volatile  oils,  as 
;  in  caraway  and  coriander.  In  this  case  the  only  chance  of  discovery 
i  is  by  the  distiUation  of  a  given  quantity  of  the  beer,  say  600  cc.  Any 
wolatile  oil  present  will  be  foimd  in  the  distillate,  and  its  presence 
mould  be  revealed  by  its  odour  and  taste. 

Detection  and  estimation  of  sulphate  of  iron. — Take  half  a  litre  of 
tthe  beer,  evaporate,  and  incinerate  the  residue.  If  iron  be  present  in 
tas  small  a  quantity  as  one  part  of  the  sulphate  to  315,000  parts  of 
l;beer,  equal  to  2  grains  in  9  gallons,  the  ash  will  be  of  a  reddish  colour, 
\whereas  in  genuine  beer  it  is  always  white  or  greyish  white.  The  ash 
iis  boiled  with  strong  hydi'ochloride  acid,  and  the  liqtdd  tested  with 
aa  solution  containing  both  fen-ocyanide  and  ferricyanide  of  potassium, 
which  will  give  a  blue  precipitate  of  Prussian  blue  if  iron  be  present. 

For  the  quantitative  estimation  of  the  iron  proceed  as  directed 
Hinder  '  Tea.' 

Detection  and  estimation  of  alum. — Incinerate  the  residue  of  from 
lone  to  two  litres  of  beer,  and  proceed  as  described  under  'Bread,' 

z  z 
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Estimation  o/saZi!.— Evaporate  250  cc.  of  the  beer  to  dryness,  incine- 
rate and  dissolve  tlie  ash  in  pure  nitric  acid  ;  filter  and  precipitate  in  the 
filtrate  the  chlorine  by  means  of  a  solution  of  nitrate  of  silver,  fhe 
chloride  of  silver  obtained  is  collected,  washed,  dried  and  weighed. 

It  is  usually  recommended  to  estimate  the  chlorine  volumetncally 
from  the  neutral  solution  of  the  ash,  but  this  method  of  proceeding 
gives  very  erroneous  results,  inasmuch  as  the  phosphates  contained  m 
the  beer  are  likewise  precipitated  by  the  standard  silver  solution. 

Estimation  of  lime,  soda,  potash,  and  sulphurw  acid— 'hi  making  an 
analysis  of  beer  with  a  view  to  determine  whether  it  contains  any 
excess  of  the  above  substances,  it  is  necessary  to  refer  to  the  analyses 
given  below  of  the  ash  of  genuine  beer,  and  to  deduct  &om  the 
quantities  found  the  normal  amounts  present  in  the  ash. 

Ao-ain,  the  alkalinity  of  the  ash  must  be  estunated.  If  this  be 
considerable  it  will  show  that  some  alkaline  earth  or  alkali  has  been 
added,  the  exact  natm-e  of  which  will  be  revealed  on  further  analysis. 

The  methods  for  the  estimation  of  the  whole  of  the  above-named 
substances  will  be  found  fully  described  in  the  article  on  '  Tea. 

So  far  we  have  said  nothing  about  the  estimation  of  sulphuric  acid 
in  beer.  This  may  exist  in  two  states,  either  combmed  or  free,  it  m 
the  former  condition,  it  is  no  doubt  derived  from  the  water  used  in 
brewing,  or  from  the  sulphate  of  iron  or  aliun  employed  m  the  adul- 
teration of  beer.  The  water  used  by  the  Burton  brewers  contams, 
as  has  already  been  noticed,  large  quantities  of  sulphate  ot  iime. 
For  the  estimation  of  the  free  sulphuric  acid,  see  Vinega,r. 
Detection  of  cream  of  tartar.— To  a  portion  of  beer  alcohol  is  added 
until  the  precipitate  formed  begins  to  be  permanent— that  is  to  say,  is 
not  entirely  dissolved  on  agitating  the  mixtm-e.  The  beer  is  allowed 
to  stand  for  twenty-four  hom-s,  when,  if  cream  of  tartar  be  present, 
this  will  have  separated  in  a  ciystalline  state  It  ^^^y  ^«  P^e.^t^^ti 
incinerated,  and  fr  om  the  alkalinity  of  the  ash  the  amoimt  of  bitaxtrate 
of  potash  may  be  calculated. 

Analyses  of  the  Ash  of  Beer.   


Potash  • 
Soda 
Lime 
Magnesia. 
Sulphuric  acid 
Chlorine  . 
Silica 
Phosphoric  acid 


London 
Beer. 

Munich 
Beer. 

Spcyer 
Beer. 

38-3.5 

36-58 

37-68 

7-68 

9-03 

6-59 

2-45 

1-48 

2-98 

3-78 

5-64 

4-66 

1-36 

1-68 

2-56 

2-75 

8-14 

2-14 

9-87 

9-96 

10-29 

33-76 

31-69 

33-10 

Scotcli  Ale 
{U  samples). 


Scotch 
Porter 
(2  samples). 


3-  2-29-8 
20-9-38-5 

0-2-  2-0 

0-  1-  5-6 

1-  6-19-2 

4-  3- 18-25 
4-6-19-1 
6-0-25-7 


18-9-20-9 
33-8-38-8 

1-  3-  1-6 
0-2-  1-4 

2-  2-  6-4 
7-4-1 1-4 

13-3-18-6 
12-5-18-8 


Dublin 

I>indon 

Porter 

Porter 

(2  samples). 

(5  samples). 

21-4-32-0 

4-9-31-1 

24-0-42-7 

21-8-50-8 

0  8-  1-5 

0-8-  6-9 

0-2-  1-2 

0-1-  1-2 

2-8-10-1 

1-6-12-2 

6-9-10-1 

6-5-14-5 

6-9-19-7 

8-2-19-7 

7-9-20-0 

9-3-20-6 

The  above  table  is  taken  from '  Watts's  Dictionary.' 
analyses  are  by  Walz,  the  rest  by  Dickson. 


The  first  three  ■ 
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The  Detection  of  the  Adulterations  of  Hops. 

The  several  substances  elsewhere  enumerated  as  having  been  dis- 
covered in  hops  may  all  be  readily  discerned,  frequently  by  the  eye 
alone,  and  invaiiably  by  the  microscope.  The  structm-e  of  cardamom 
seeds,  or  grains  of  paradise,  the  article  most  frequently  employed,  will 
be  found  described  and  figured  under  the  head  of '  Ourry  Powder.' 


z  z  2 
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CHAPTER  XLIV. 
CIDER  AND  PERRY  AND  THEIR  ADULTERATIONS. 

DEFINITION  OF  ADULTEKATION. 

Any  other  added  constituents  than  those  derived  from  the  juice  of  the  apple 
or  pear  ;  any  added  water,  sugar,  or  spirit. 

Cider,  as  all  tlie  world  Imows,  is  the  fermented  juice  of  the  apple^ 

The  varieties  of  apple  are  exceedingly  numerous.  They  have  been 
ranged  in  three  classes— the  sweet,  the  hitter,  and  sour  kinds.  Ihe 
best  of  these  is  the  hitter  ;  these  yield  a  juice  richer  m  8u^r,_the  cider 
made  from  it  heing-  brighter  and  keeping  longer.  _  As  a  rule,  it  may  be 
said  that  those  apples  make  the  best  cider  which  furmsh  a  jmce  of 

the  highest  density.  ,  e  4.i,« 

Berard  has  given  the  foUowing  percentage  composition  of  the 

Water   8f« 

Sugar   „• 

Ligneous  matter   ° 

Gum   f... 

Malic  acid   "  '  ^ 

Albumen  

Chlorophyl   00» 

Lime   ^ 

100-00 

The  exact  composition  of  the  juice  of  the  apple  varies,  of  course, 
according  to  the  degree  of  ripeness,  the  kind  of  apple,  season,  chmate, 

^"""^  According  to  Schuke,  the  specific  gravity  of  apples  and ^pears 
ranges  between  0-72  and'o-91,  and  they  contain  from  13  to  21  per 
3  of  solids,  of  a  specific  gravity  of  1-4.  TJe  specifac  gravity  of  the 
fruit;  wlSd  indicate  that  it  contains  a  considerable  quantity  of  some 
o-as  most  probably  carbonic  acid  gas.  _ 
^  m  quantity  of  sugar  contained  in  apples  varies  especiaUy  with 
the  degree  of  ripeness  of  the  fruit.  The  sugar  is  stated  in  '  Watts' 
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to  amount,  on  the  average,  in  the  unripe  fruit,  to  4"9,  in  the  ripe  to 
11-0,  and  in  the  over-ripe  to  7'95  per  cent.,  the  higher  amount  beino- 
equal  to  o-l  per  cent,  by  weight  of  alcohol. 

To  make  good  cider  it  is  necessary  that  the  apples  should  be  ripe,  but 
not  over-ripe ;  and  in  order  to.  eusm-e  their  ripeness,  they  are  kept  for  a 
month  or  so  after  being  gathered.  In  Devonshire  and  some  other 
places  the  apples  are  collected  in-  heaps  under  the  trees,  vrhere  they 
are  allowed  to  remain  until  they  become  sufficiently  ripe.  Ure  states, 
however,  that  too  much  care  cannot  be  taken  to  separate  the  sound 
from  the  spoiled  or  decayed  apples,  for  the  latter  furnish  an  acid 
leaven,  impart  a  disagi-eeable  taste  to  the  juice,  and  prevent  the  cider 
from  fining  properly.  The  imi-ipe  apples  should  also  be  separated, 
since  they  contain  too  small  an  amount  of  saccharine  matter. 

Dui-iug  the  process  of  the  ripening  of  the  apple,  the  mucilage  is 
diminished;  and  a  volatile  oil  of  a  yellowish  colour,  and  of  a  sharp 
and  harsh  taste,  are  formed;  this  oil  boils  at  190° 0.,  dissolves  spar-^ 
ingly  in  water,  but  readily  in  alcohol  and  ether :  it  forms  a  crystalline 
compound  with  hydrochloric  acid,  and  is  decomposed  by  chlorine. 
An  artificial  apple  oil  is  made  by  dissolving  valeriate  of  amyl  in 
•  6  or  7  parts  of  alcohol. 

In  its  unfermented  state  the  juice  consists  mainly  of  mucilage, 
I  glucose,  nitrogenous  matter,  malic  acid,  together  with  a  small  quantity 
■  of  acetic  acid,  these  several  constituents  being  held  dissolved  in  a 
I  large  quantity  of  water. 

The  specific  gravity  of  the  juice  of  20  difiPerent  sorts  of  apple, 
1  according  to  Schulze,  ranged  between  1020  and  1027  ;  and  in  two 
i  instances  it  reached  the  gravities  of  1033  and  1037. 

The  acid  in  the  juice,  according  to  the  same  authority,  ranged 
I  between  0-48  and  1-13  per  cent. 

It  is  stated  in  ' Watts 's  Dictionary'  that  in  Wiirtemberg  the 
•specific  gravity  of  the  juice  in  warm  seasons  reaches  1080,  and  even 
:  approaches  1090.  The  free  acid,  estimated  as  tartaric  acid,  amounts 
;to  fi-om  0-4  to  1-2  per  cent,  and  the  sugar  from  4  to  10  per  cent. 

It  would  appear  that  the  gravities  of  1020  to  1027,  mentioned 
:  above,  are  much  too  low.    OouvercheL  has  given  the  following  table 
of  the  specific  gravities  of  the  juice  of  difl'erent  kinds  of  apple.  The 
.gravities  range  from  1060  to  1094,  the  average  being  1072  :— - 

Green  reinette  

English  reinette   1Q30 

Red  reinette  '  1072 

Musk  reinette  \  jogg 

Touillet  rayd  *  jQg^ 

Orange  apple  "  io63 

Reinette  of  Caux   1060 

According  to  Dr.  Richardson,  the  asJi  has  the  following  percentage 
•composition : — 


710       CIDER  AND  PERRY  AND  THEIR  ADULTERATIONS. 


Potash   35  68 

Soda   26  J9 

Lime    ,   408 

Magnesia   »75 

Sulphuric  acid   ° 

Silicic  acid  

Phosphoric  acid   1^'^* 

Phosphate  of  iron  ■''"O 

100-00 


MANXTPACTTTRE  OF  CEDEK. 


The  apples  are  reduced  to  a  state  of  pulp,  either  by  meanfl  of 
stones  or  by  revolving  cylinders  and  knives,  as  is  done  in  the  case  of 

the  sugar-beet.  „  .   .    ,  i   j    -l    i.  c&u 

According  to  Ure,  when  the  fruit  is  half  mashed,  about  one-fitth 
of  its  weio-ht  of  river-water  is  added.  We  should  have  considered 
that  this  addition  of  water  would  prove  exceedingly  detnmental  to  the 
quality  of  the  cider,  and  we  can  scarcely  think  that  the  practice  is  one 

generaUy^adopted^^  that,  after  the  apples  are  crushed,  they  are  put 
into  a  large  tub  or  tun  for  12  or  24  hours.  'This  steeping  aids  the 
senaration  of  the  juice,  because  the  fermentative  motion  v?hich  takes 
nlace  in  the  mass  breaks  down  the  ceUular  membranes,  but  there  is 
alwavs  a  loss  of  alcohol  carried  off  by  the  carbonic  acid  disengaged, 
while  the  skins  and  seeds  develop  a  disagreeable  taste  m  the  liquid. 
The  vatting  might  be  suppressed  if  ^the  apples  were  so  comminuted  as 
to  give  out  their  juice  more  readily.'  ,  ^  ,t.  f  .^ 

Musnratt  has  thus  expressed  himself  m  regard  to  the  vattmg  of  the 
fruit  after  it  has  been  crushed There  can  be  no  doubt  that  this  pro- 
cedure is  attended  with  good  results,  and  it  ls  probable  that  sufficient 
importance  is  not  attached  to  it,  since  many  ciderists  carry  the  pulp 
at  once  from  the  miU  to  the  press.    Even  dunng  the  short  process  of 
erindino-,  the  air  changes  the  colour  of  the  mass  to  a  deep  red,  though 
whethe?  this  is  produced  by  the  absorption  of  oxygen  or  from  the  action 
of  the  constituents  of  the  fruit  upon  each  other  has  never  been  accu- 
rately ascertained.    It  is  most  probable,  however,  that  each  cause  ha^ 
an  iifluence  depending  on  the  other.    Certain  it  is,  that  when  the 
iuice  is  at  once  expressed  from  the  apples  it  is  a  meagre  thin  bqmd, 
While  that  of  the  poorest  fruit,  when  exposed  for  some  hom-s  to  the 
air  becomes  quite  red  and  mns  sweet  and  luscious,  when,  after  bemg 
well  ground,  the  pulp  is  submitted  to  the  press. 

The  pui;  is  now  put  into  hair  cloths,  from  3^  to  4^  feet  ^uare  and 
when  the  sides  are  folded  over  the  contents  the  layer  of  pidp  is  about 
^  inches  in  thickness.  Formerly  mats  made  of  reeds  or  straw  were 
pmnloved  but  their  use  has  been  long  discontinued.  ,  ^  ^ 

S  mashed  fruit  is  subjected  '  stratum  super  stratvun  to  strong 
nressui  till  what  is  called  a  cheese  or  cake  is  fonned.  The  mass  ^ 
fo  be  ilowed  to  drain  for  some  time  before  applying  pressure,  which 
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ought  to  be  very  gradually  increased.  The  juice  which  exudes  with 
the  least  pressiu-e  aflbrds  the  best  cider.  That  which  flows  towards 
the  eud  acquires  a  disagi'eeable  taste  from  the  seeds  and  skins.  The  must 
is  put  into  casks  with  large  bung-holes,  where  it  soon  exhibits  a  tumul- 
tuous fermentation.  The  cask  must  be  completely  filled  in  order  that 
all  the  light  bodies  suspended  in  the  liquid  when  floated  to  the  top  by 
the  carbonic  acid  may  flow  over  with  the  fi-oth.  Flat  tubs  are  placed 
under  the  casks  to  catch  the  overflowings. 

The  cake  left  after  the  expression  of  the  juice  is  taken  out  of  the 
press,  divided  into  small  pieces,  and  mashed  anew,  about  half  its  weight 
of  water  being  added.  The  mass  is  again  subjected  to  pressure,  A 
much  poorer  cider  is  thus  obtained,  which,  as  it  will  not  keep,  requires 
to  be  drunk  soon  after  being  made.  The  cake  is  again  mashed  up 
with  water  and  squeezed,  when  a  liquor  is  obtained  which  may  be  used 
for  moistening  fresh-ground  apples. 

Some  three  or  four  days  usually  elapse  after  the  introduction  of  the 
must  into  the  casks  before  fermentation  sets  in,  but  the  exact  time 
varies  according  to  temperature  and  other  circumstances.    After  the 
■  completion  of  the  fermentation  the  liquid  becomes  clear  and  bright 
and  exhibits  its  characteristic  vinous  colour. 

It  is  now  racked  ofl^  into  other  casks,  the  sediment  being  put  into 
linen  bags  ;  a  further  quantity  is  thus  filtered  off"  and  added  to  that 
firat  obtained. 

Sometimes  it  is  necessary  to  make  use  of  finings,  as  isinglass, 
!  albumen,  or  blood,  as  in  the  case  of  beer  and  wine. 

The  changed  which  the  juice  undergoes  during  the  vinification  are 
]  precisely  analogous  to  those  which  wort  and  must  undergo  under 
:  similar  circumstances.  Alcohol  and  carbonic  acid  are  formed  at  the 
t  expense  of  the  sugar,  while  the  malic  acid  imparts  piquancy  to  the 
!  beverage,  part  of  the  aroma  and  flavour  being  due  to  the  volatile  apple 
^  oil,  which  is  held  in  solution  by  the  spirit. 

A  considerable  period  must  elapse,  however,  before  the  cider  really 
i becomes  ripe  and  fit  for  sale.  Usually  the  casks  are  moved  into  cellars 
iin  January,  and  in  March  they  are  bunged  down,  when  it  has  become 
rfit  for  sale;  but  it  will  be  gradually  improved  by  further  keeping. 
^  Sometimes  the  cider  is  stored  in  vats  holding  as  much  as  2,000 
.•rallons  each.  The  cider  for  bottling  and  eflfervescing  cider  should  be 
I  bottled  in  September  or  October  of  the  following  year ;  some  persons 
!  however,  bottle  it  in  April  or  May.  ' 

According  to  Brande,  the  strongest  cider  made  contains  9*08  per 
.  cent,  by  volume  of  alcohol,  and  the  weakest  479  per  cent.,  but  it  is 
;^stated  in '  Watts's  Dictionary '  that  the  largest  amoimt  of  sugar  contained 
'  in  the  apple  is  11-0  per  cent.,  a  quantity  which  is  incapable  of  yieldinc- 
•  the  high  percentage  of  alcohol  above  mentioned.  * 

Muspratt  says  il  is  common  to  mix  with  the  new  cider  about  to  be 
5  bottled  a  portion  of  old  and  sound  liquor  of  the  previous  year's  manu- 
facture, with  a  view  to  check  the  progress  of  the  fermentation  and  the 
(.consequent  bursting  of  the  bottles. 
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Acetic  acid  is  very  quickly  developed  in  cider,  rendering  it  sour 
and  hard. 

It  is  said  that  cider  or  peiTy  will  not  keep  if  it  be  removed  in 
cask  after  it  has  beeu  prepared ;  and,  accoi-ding  to  Dr.  E.  Smith,  in 
order  to  fortify  it  to  bear  a  journey  in  cask  it  is  common  to  add  sugar. 
'  This  so  far  injures  it  that  it  may  renew  the  acetous  fennentation, 
but  it  temporai'ily  masks  the  acid  flavoiu*  and  makes  the  fluid  more 
agreeable  to  the  palate  of  those  not  accustomed  to  its  use.' 

Spirit  puncheons  preserve  cider  better  than  any  other  casks. 
Sometimes  sulphiu:  is  burnt  in  the  casks  before  the  introduction  of 
the  cider. 

PERRT. 

The  remarks  hitherto  made  in  reference  to  the  composition  of  the 
apple  and  the  manufactm-e  of  cider,  apply  for  the  most  part  also  to 
the  pear  and  the  preparation  of  perry. 

The  composition  of  the  peai'  resembles  very  closely  that  of  the 
."pple,  but  it  usually  contains  a  larger  proportion  of  sugar.  It  likewise 
contains  traces  of  pectic  and  gallic  acids  and  an  essential  oil.  In  con- 
sequence of  the  larger  amount  of  sugar,  perry  is  usually  richer  in 
alcohol  than  cider.  It  is  said  to  contain,  on  an  average,  10  per  cent, 
alcohol  by  volume. 

ADtlXTERATION  OE  CIDER. 

Perry  and  cider  appear  to  be  but  little  liable  to  adulteration.  Like 
the  other  alcoholic  beverages  they  ai-e  prone  to  have  *their  strength 
reduced  by  the  addition  of  water.  In  fact,  this  addition,  as  we  have 
already  seen,  is  sometimes  made  to  the  apple-juice  itself.  But  in 
whatever  stage  the  water  be  added,  it  must  be  regarded,  we  consider, 
in  the  light  of  an  adulteration. 

Another  practice  is  to  colour  cider  with  hwnt  mgar.  This  proceed- 
ing, as  we  have  more  than  once  insisted,  is  objectionable,  because  in 
9ome  cases  it  impairs  the  delicate  flavour  of  the  article  to  which  the 
bitter  biu-ut  sugar  is  added  ;  and  since  the  colom-  thus  produced  is 
often  unnaturally  deep,  and  therefore  oftensive  to  the  eye  of  a  real 
connoisseiu". 

Cider,  as  already  pointed  out,  is  exceedingly  apt  to  pass  into  the 
acetous  fermentation.  The  excess  of  acid  is  very  Irequeutly  removed 
by  the  use  of  an  aUtali,  as  mda,  chalk,  and  formerly  even  of  litharge, 
which  is  oxide  of  lead. 

The  iise  of  such  a  substance  as  oxide  of  lead  for  the  correction  of 
the  acidity  has  often  given  rise  to  injurious  and  in  some  instances  to 
fatal  results,  colic  and  even  paralysis  i'requently  ensuing. 

Dr.  Muspratt,  in  his  '  Dictionary, '  has  thus  expressed  himself  in 
reference  to  the  addition  of  lead  to  cider  in  order  to  con-ect  any  undue 
acidity  : — '  This  practice  cannot  be  too  strongly  condemned.  It  is  only 
very  lately  that  the  editor  had  to  examine  a  beverage,  which  htwi 
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.  caused  most  serious  iucouveuieuce  to  a  whole  family,  including  colics, 
i  bilious  obstructions,  and  other  dangerous  complaints.  It  was  found  to 
1  be  contaminated  with  a  very  notable  quantity  of  lead.  Upwards  of 
;  two  thousand  years  ago  it  was  Imown  that  lead  had  a  most  injurious 
,  effect  on  the  animal  economy.  The  ancients  were  very  scrupidous  as 
[  to  the  use  of  anything  containing  that  metal ;  its  presence  in  articles 
,  of  daily  consumption  is  to  be  dreaded.  For  many,  by  misplaced  con- 
I  fidence,  have  arrived  at  an  untimely  end,  or  at  least  have  been  affected 
'With  that  disease  termed  the  Devonshire  or  painters'  colic,  and,  iii 
inmuerous  instances,  paralysis  has  been  the  final  result.' 

'  The  leaden  beds  of  presses  for  squeezing  the  fruit  in  cider  countries,' 
.  Accimi  writes,  '  have  produced  incalculable  mischief.  These  conse- 
i  queuces  never  follow  when  the  lead  is  combined  with  tin,  because  this 
I  metal,  being  more  eager  for  oxidation,  prevents  the  solution  of  the 
Head.' 

Sometimes  the  excess  of  acidity  is  masked,  but  of  com-se  not 
1  removed  by  the  addition  of  sugar.  We  have  not  met  with  any  state- 
I  ment  respecting  the  fortification  of  cider  and  perry  by  the  addition  of 
!  spirit,  but  such  a  proceeding  would  appear  to  be  one  very  likely  to  be 
t  adopted  in  some  cases. 


Results  of  the  Analysis  of  Samples. 


Specific 
Gravity. 

Alcohol 
by  weight. 

Malic 
Acid. 

Acetic 
Acid. 

Sugar. 

Total 
SoUds. 

Mineral 
matter. 

1 

1012-92 

4-70 

0-364 

0-086 

8-63 

6-76 

0-27 

2 

1013-08 

4-88 

0-328 

0-111 

3-96 

6-14 

0-53 

3 

1012-84 

4-76 

0-329 

0-118 

3-76 

5-38 

0-22 

4 

1001-92 

601 

0-368 

0-119 

1-72 

2-67 

0-29 

.5 

1011-64 

4-88 

0-310 

0-133 

3-83 

6-18 

0-24 

6 

1012-40 

4-88 

0-343 

0-111 

3-91 

5-33 

0-22 

7 

1027-68 

2-08 

0-367 

0-177 

5-82 

7-63 

0-37 

8 

1028-96 

2-32 

O-.'iSS 

0-053 

6-30 

8-94 

0-27 

9 

1007-48 

4-39 

0'2-24 

0-088 

2-83 

3-64 

0-23 

10 

101.5-64 

3-67 

0-332 

0-040 

4-38 

6-66 

0-23 

11 

999-20 

.i-07 

0-302 

0-151 

1-09 

1-80 

0-18 

12 

998-36 

4-76 

0-310 

0-146 

1-04 

1-66 

0-16 

Samples  1  to  6,  inclusive,  consisted  of  draught  or  still  cider  mami- 
;  factured  by  different  makers,  and  were  obtained  from  different  public 
I  and  eating  houses  in  London  ;  samples  7, 8, 9  and  10  were  effervescing 
.  or  champagne  ciders  prepared  by  four  different  manufacturers ;  while, 
i  lastly,  samples  11  and  12  consisted  of  Herefordshire  cider,  obtained 
from  a  gentleman  who  bottled  it  himself  for  his  own  use.    For  the 
whole  of  these  samples  we  are  indebted  to  Messrs,  Welch  &  Mac  Gill, 
wine  merchants,  134  Fenchm'ch  Street,  E.O. 
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ANALYSIS  OF  CIDER. 

The  analysis  of  cider  and  perry  is  almost  identical  with  that 
required  in  the  case  of  malt  liquors  ;  it  has  abeady  been  described  at 
length  in  the  article  on  those  beverages. 

The  specific  gi-avity  must  be  taken,  the  sugar,  alcohol,  acidity, 
total  solids  and  mineral  matter  estimated  in  accordance  with  the  pro- 
cesses elsewhere  in  this  work  so  frequently  described. 

The  only  special  examinations  which  would  have  to  be  made  are 
those  for  the  detection  of  alkalies,  alkaline  earths  and  lead  in  the  ash. 

In  the  first  place,  the  weight  of  the  ash  would,  in  many  cases, 
afford  tolerably  conclusive  evidence  of  the  addition  of  some  mineral 
matter,  while  an  estimation  of  the  alkalinity  of  the  ash  would  aftbrd 
further  evidence  in  the  same  direction.  But  for  the  identification  of 
the  particular  substance  added  we  must  search  for  soda,  lime,  and  lead 
by  the  methods  which  have  been  already  given.  The  details  of  the 
process  for  the  estimation  of  lead  wiW  be  found  fuUy  set  forth  in  the 
articles  on  '  Water'  and  '  Vinegar.' 


Wim  AND  ITS  ADULTERATIONS. 
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OHAPTEE  XLV. 
WINE  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  added  substance  or  liquid  not  the  product  of  the  grape,  including  red 
colouring  matters,  but  excepting  alcohol  or  spirit,  which  must  not  be  added  so 
as  to  raise  the  strength  of  the  wine  beyond  13  per  cent,  of  absolute  alcohol  by 
weight,  equal  to  15'8  per  cent,  by  volume,  or  28'1  per  cent,  of  proof  spirit. 
Any  added  mineral  substance,  including  the  alkaline  carbonates,  and  sulphate 
I  of  potash,  which  must  not  exceed  eight  grains  per  bottle  of  one-sixth  of  a  gallon ; 
I  also  lead. 

We  propose  to  treat  the  subject  of  Wine  and  its  adulterations  princi- 
;  pally  under  the  following  heads :  let,  the  manufacture  of  wine  ;  2nd, 
i  its  composition  ;  3rd,  its  analysis ;  4th,  its  adulteration ;  and  5th,  the 

detection  of  its  adulterations. 

The  Manufacture  of  Wine. 

The  ripe  grapes,  after  being  carefully  picked,  and  sometimes  freed 
f  from  damaged  or  unripe  berries,  are  crushed  and  pressed,  the  juice  in 
:  the  case  of  white  grapes  being  usually  freed  from  stalks  and  husks  ;  it 
1  is  then  put  into  casks  placed  in  a  cellar  or  other  cool  situation,  where 
i  it  undergoes  fermentation.  In  the  case  of  black  grapes  the  husks 
>  and  stalks  are  not  removed,  but  are  allowed  to  ferment  together  with 
1  the  juice.  The  wine  is  next  drawn  off  the  residue  or  mm-k,  which  is 
[  pressed,  and  the  wine  thus  obtained  added  to  that  first  drawn  olF  from 
:  the  ban-el.  With  regard  to  the  removal  of  the  stalks  there  is,  however, 
I  no  invariable  rule.  Messrs.  Thudichum  and  Dupre  write  : — 'Practi- 
(  cally,  in  the  case  of  white  wines,  the  stalks  are  never  separated  from  the 
i  ^pes ;  in  some  cases  of  light  wines  which  incline  to  be  viscous  it 
!  IS  even  advantageous  to  leave  the  stalks  in  prolonged  contact  with  the 
t  murk.  But  this  is  exceptional,  inasmuch  as  the  murk  of  white  grapes 
i  is,  as  a  rule,  pressed  immediately,  and  not  left  m  contact  with  the  must 
'  for  any  length  of  time.'  With  most  black  grapes  the  case  is  different, 
'■  because  they  have  to  remain  in  contact  with  the  juice  for  a  long  time 
during  fermentation,  and  in  some  cases,  if  the  stalks  are  left  in,  a  hard 
^  wine  is  produced,  which  it  will  take  years  to  soften. 

It  is  essential,  if  pure  and  natural  wines  are  required,  that  the 
:  grapes  should  be  thoroughly  ripe.  In  the  Sauterne  district,  according 
■  to  Drs.  Thudichum  and  Dupre,  '  the  best  bei-ries  of  every  bunch  are 
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cut  out  at  intervals  and  carried  to  the  press  ;  and  an  entire  harvest  of 
a  vineyard  consists  of  several,  up  to  eleven,  separate  gatherinfrs  of  all 
that  has  attained  the  highest  state  of  ripeness.'  In  the  finest  situations 
of  the  Rlieingau  the  grapes  are  not  collected  until  the  rains  or  frosts 
of  the  autiumi  necessitate  the  vintage.  At  Ooudray,  as  at  Tokay, 
the  best  vpines  are  made  from  the  grapes  which  have  lieen  longest  on 
the  vine. 

Although  ripeness  is  essential  to  the  production  of  the  beet  white 
wines,  in  the  case  of  the  red  wines  quality  is,  to  some  extent,  sacrificed 
to  colour,  and  unripe  fruit  is  chosen.  '  Consequently  the  highest 
quality  of  the  wine  is  abandoned  in  favour  of  a  conventional  dye ;  and 
the  umipe  wine  has  to  remain  years  in  barrels  and  bottles  before  it 
acquires  those  properties  which  fit  it  for  use.' — Thudiehum  and  Dupre. 

Again,  champagne  grapes  are  not  permitted  to  attain  to  the  high- 
est maturity,  because  it  is  desired  that  such  wines  should  be  of  as  pale 
a  coloiu'  as  possible. 


Composition  of  the  Grapes. 

Several  varieties  of  grapes  have  been  subjected  to  analysis,  with 
the  following  results  : — 


Fresenius. 
Ripe  white 
Austrian 
grapes. 

Schlieper. 
Kleinberger  grapes. 

Presenius. 
Riesling 
grapes. 

Freseniu 

Johannis- 
berg  grapes. 

IS. 

Ass- 
mann; 
haiise) 
grapes 

Ripe. 

Very  ripe. 

Very  ripe. 

Glucose  .... 
Tartaric  acid    .  . 
Albuminoid  sub- 
stance .... 
Pectin,  gum,  fat, 

Soluble  portion .  . 

Skins,  stones,  and 
cellulose    .   .  . 
Pectose  .... 

Ash  

Insoluble  portion  . 

13-8 

1-  11 

0-8 

0-5 
0-36 

16-57 

79-80 

2-  6 

0-9 
0-11 

3-61 

10-6 
0-92 

0-6 

0-2 

0-  38 

12-9 
84-9 

1-  8 

0-7 
0-08 

2-58 

13-5 
0-78 

-  4-1 

18-38 
76-3 

5-66 

15-1 
0-56 

1" 

19-06 
74-4 

6-52 

19-2 
0-74 

1  3-0 

22-94 

17-3 
0-84 

99-98 

100-18 

100-34 

99-98 

Comjiosition  of  the  Juice  or  Must. 

The  juice  or  must  resembles,  of  course,  to  a  considerable  extent,  the 
grapes  themselves. 

The  principal  organic  substances  which  enter  into  the  composition 
of  the  juice  of  ripe"  grapes  are  SM</rtr,  ff/iimm,  5r?(/to!,^rMm  OT  reyer'ffWe 
inums,  tannin  and  colouring  matter,  the  tannin  being  derived  mainly 
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from  tlie  stalks,  stones,  and  husks  of  the  grapes,  minute  quantities  of 
fat  and  wax  trom  the  husks,  as  well  as  much  fat  from  the  stones.  The 
hiisks  of  white  grapes  gradually  become  brown,  as  we  see  in  raisins 
this  change  being  due  to  the  conversion  of  a  part  of  the  tannin  into  an 
insoluble  substance,  named  opothema  by  Berzelius.  The  juice  of  grapes 
Iree  from  stalks,  stones,  and  husks,  contains  scarcely  any  tannin.^ 

The  principal  saline  and  mineral  substances  present  in  grape  juice 
are  free  tartaric  and  malic  acids,  tartrate  of  potash,  tartrate  and  malnte 
of  hme,  sulphate  of  potash,  chloride  of  sodium,  phosphates  of  lime  and 
macjnesia,  manganese,  iron  and  silicic  acid.  The  malic  acid  occurs  in 
largest  proportion  in  imi-ipe  grapes. 

Before_  proceeding  to  make  wine  from  grapes,  it  is  very  important 
to  ascertam  the  amount  of  fruit  sugar  present  in  the  juice  or  must 
This  object  is  simply  effected  by  taking  the  weight  or  specific  gravity 
ot  the  must,  for  which  pm-pose  various  contrivances  have  been  adopted  • 
but  the  ineti-ument  m  general  use  has  been  termed  a  glucometer.  This 
may  be  so  gTaduated  that  each  degi-ee  shall  indicate  a  percentage  of 
sugar ;  or  it  may  be  so  an-anged  as  to  indicate  by  one  decree  of  its 
scale  a  quantity  of  fruit  sug-ar  which  after  fermentation  woiUd  yield  a 
volume  per  cent,  of  absolute  alcohol,  or  about  '  1,500  grammes  of 
sugar  per  hectolitre  of  must' 

Where  the  amoimt  of  sugar  present  is  determined  solelv  from  the 
gravity,  a  deduction  or  allowance  has  to  be  made  of  from  one-tenth  to 
one-hlteenth  of  the  total  solids  indicated,  on  account  of  the  presence 
ot  other  constituents  of  the  juice. 

^1, '  1°^^^  ^'^^  France  must  will  seldom  show  more 

than  16  ;  but  m  the  hottest  regions  of  the  south,  in  parts  of  Spain. 
Italy,  Uyprus,  Madeira,  must  is  produced  which  shows  up  to  24°  of 
the  French  glucometer.'—  Thudichum  andDupre.  This  higher  amount 
13  not  aU  converted  into  alcohol,  because  fermentation  ceases  in  a 
liquor  contaimng  more  than  16  per  cent,  of  alcohol  by  voliune,  equal 
to  28  per  cent,  of  proof  spirit.  '  1  '^^ 

Sometunes,  when  the  must  is  very  sweet,  and  it  is  not  desired  to 
produce  sweet  wmes,  it  is  diluted  with  water.  In  other  cases,  when 
the  must  IS  very  poor,  sugar  is  added ;  practices  which  are  both  to  be 
condemned,  since  the  resulting  wine  must  of  necessity  be  of  an  inferior 
3uali^,and  dehcient  mthe  special  wine-constituents  and  characteristics 
m  tartaric  and  make  acids,  phosphoric  acid,  potash,  and  the  various 
ethers,  acids,  and  compounds  which  impart  flavour  and  bouquet  to  wine 
In  the  mashing  of  the  grapes,  care  must  be  taken  not  to  crush  the 
stalks  and  the  pips;  m  some  cases  the  mashing  is  effected  by  the 
mills"  "^"^^^^       ^^PP^^'  machines 

preparation  of  white  wines  the  must  is  separated  as  much  as 

which  flows  off  the  platform  or  press,  together  with  all  the  husks  on 
the  press  and  the  stalks,  if  they  have  not  been  removed,  are  put  into 
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the  fermenting  vata.  When  the  fermentation  is  complete,  the  wine  is 
drawn  off,  and  the  murk  is  put  into  the  press,  and  the  wine  flowing 
from  it  added  to  that  which  is  first  drawn  off.  _ 

When  the  wine  has  completed  its  fermentation,  which  it  takes  a 
Ions  time  to  do,  and  has  become  clear,  it  is  'racked '  off  from  the  yeast 
and  other  impurities,  and  the  comparatively  clear  wine  is  put  mto  a 

'^^^^But^as  it  is  not  yet  quite  clear  and  bright,  it  is  next  '  fined,'  an 
operation  which  is  usuaUy  effected  by  means  of  isinglass.  After  re- 
maining at  rest  for  about  six  weeks,  the  wine  is  found  clear  and  bright, 
and,  being  again  racked,  it  generally  remains  so,  and  is  then  ready  for 
sale' in  biSk  or  for  bottling. 

THE  COMPOSITION  OF  WINE. 

The  principal  changes  which  the  must  undergoes  by  fermentation 
and  its  consequent  conversion  into  wine  are  the  transformation  of  the 
m-eater  part  of  the  sugar  into  ethylic  alcohol,  the  formation  of  various 
acids  including  especially  acetic  acid,  and  ethers,  and  the  ehmmation 
of  some  of  the  saline  matters  of  the  ash,  particularly  the  tartrates  and 
malates. 

The  Sugar  of  Wine. 
Two  descriptions  or  modifications  of  sugar  occur  in  wine— namely, , 
grape  and  frvit  sugar.    They  both  have  the  same  atomic  constitution, , 

^'^n'^xtro^e^^'h^'ape  sugar  crystallises  in  granular  masses,  which  con- 
tain one  atom  of  water  of  crystallisation,  which  they  lose,  however  at 
fin°  0  it  is  sli-htly  soluble  in  alcohol,  and  scarcely  at  aU  m  ether. 
One  atom  of  gra?e  sugar  boiled  with  the  well-known  copper  solution 
reduces  10  atoms  of  oxide  of  copper.  ,   r      i  aa  t 

Seen  grammes  of  grape  sugar,  dissolved  so  a.  to  foi-m  100  cc  of 
solution,  turn  the  plane  of  polarisation  m  Mitscherlich  s  apparatus  16  8 

^'''SJSo^lf'^it  sugar  is  uncrystallisable  soluble  in  alcohol,  and 
ciwitlv  so  in  ether.  It  may  be  thus  separated  from  grape  sugar :  the 
concentrated  solution  of  the  two  sugars  is  treated  with  a  slight  excess  ot 
Wmte  of  Ihne;  the  ma^s  formed  is  subjected  to  pressure  when  the  hquid 
Spomd  of  lime  and  grape  sugar  is  pressed  out  and  t^e  more  sohd 
iTme  3  fruit  sugar  remain.  The  Hme  is  then  got  rid  of  by  means  of 
oxalic  acid  Itacts  inthesame  way  with  the  copper  solution  as  grape 
oxalic  auu.  o^ticaUv  in  turning  the  plane  of  polarisation  to  the 

Xl5  g— ^^^^^^  as  to  fo%  l60  cc.  Aoluiion,  turn  the 

plane  of  polarisation  in  Mitscherlich's  apparatus  31-8  degrees  to  the 

^'^'n^'Zir(o\io]-^o^,  when  cane  sugar  is  boiled  with 
acidfoTsS  a^^^^^^  of  ferments,  it  is  cSverted  into  a  mix 

toe  of  the  two  kinds  or  varieties  of  sugar  previously  described,  the 
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mixture  being  in  this  case  distinguished  by  the  term  invert  sugar 
(CgH,.,Og). 

Sohitions  of  cane  sugar  turn  the  plane  of  polarised  light  to  the  right, 
15  grammes  of  cane  sugar,  dissolved  in  water  so  as  to  form  100  cc.  of 
solution,  tiu-n  the  plane  of  polarisation  20°  to  the  right,  the  tube  being 
20  centimetres  long,  and  the  change  from  red  to  blue  being  the  measure 
of  rotation. 

Invert  sugar. — 15  gi'ammes  of  this  sugar,  dissolved  so  as  to  give 
100  cc.  of  solution,  tiu-n  the  plane  of  polarisation  in  Mitscherlich's  appa- 
ratus, at  a  temperatiu-e  of  16°  0.,  7-8  degrees  to  the  left. 

Glycerin. 

This  substance  should  be  found  in  all  wine,  since  it  is  always 
formed  diuing  the  fermentation  of  sugar,  whether  cane  or  grape  ;  100 
parts  of  cane  sugar,  or  105-26  of  grape  sugar,  yield  3-64  parts  of 
glycerin ;  this  should,  therefore,  be  always  present  in  wine,  in  the 
proportion  of  about  one-fourteenth  part  of  the  alcohol. 

Glycerin  has  the  following  atomic  composition  :— OjHgOg  =  0  H  , 
Its  chief  som-ce  is  fat,  whether  animal  or  vegetable,  of  which 
it  is  a  constituent,  being  obtained  from  it  by  saponification  or  by  super- 
heated steam ;  the  fat  takes  up  three  atoms  of  water,  a  fatty  acid  and 
glycerin  being  formed.  By  the  action  of  yeast  and  water  it  is  con- 
verted into  propionic  acid. 

Alcohol. 

Grape-sugar,  fniit  sugar,  and  cane  sugar,  under  the  influence  of 
fermentation,  become  converted  into  alcohol  and  carbonic  acid,  as  shown 
in  the  following  formula : — 

Grape  sugar.        Alcohol.  Carbonic  anhydride 

CeH,,0,    =    20,HeO         +  2C0,. 

In  addition  to  these,  some  other  compounds  are  formed  in  small 
quantities,  as  glycerin  and  succinic  acid. 

f^n^""^  ^P^'^'^^  of  0-7938,  and  it  boils  at 

The  allied  or  homologous  alcohol  radicles  are  methyl  COH  ^  nrnnvl 
(O  H,),  butyl  (OA),  amyl  (0  HJ,  caproyl  (OgVa),  Ml 
radicles  lorm  correspondmg  alcohols. 

Again,  from  these  alcohols,  some  of  the  hydrogen  being  removed  bv 
combination  with  oxygen,  aldehyde  and  water  may  be  formed  thus 

Ethylic  alcohol.  EthyUc  aldehyde.  Water 

C,H«0  +  0        =  C,E,0  +  H,0.' 

Lastly,  oxidising  agents  acting  on  aldehyde,  the  place  of  the  ab- 
stracted hydrogen  is  supplied  by  oxygen,  the  result  being  the  oxidised 
acetic  acid,  thus : —  ^ 

EthyUo  aldehyde.  Acetic  acid. 

C,H„HO  +  0  =  C,H30,H0. 
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'Eacli  primary  alcohol  has  therefore  a  corresponding  aldehyde 
and  an  acid.    Only  one  primary  ethylic  and  propylic  alcohol  existing 
there  is,  of  course,  only  one  corresponding  aldehyde  and  acid.  The 
higher  alcohols,  however,  may  give  rise  to  an  aldehyde  and  an  acid 
for  each  of  the  isomeric  primary  alcohols  possible.    The  compounds 
mentioned  in  the  foregoing  summary  are  either  found  in  wine  as  a  rule, 
or  may  he  I'ound  under  certain  circmnstances  free  or  in  comhination. 
The  radicle  methyl  occurs  in  trimethylamine,  a  strong  base  of  the 
ammonia  type  present  in  many  wines.    The  alcohol  corresponding  to 
this  radicle,  termed  methylic  alcohol  or  wood  spirit,  is  not  found  in 
wine  or  any  other  fermented  liquid.    Of  the  remaining  alcohols  we 
have  in  wine  besides  the  ethylic,  which  greatly  predominates,  propvlic, 
butylic,  amylic  and  caproic.    AU  the  alcohols  of  this  class  in  wine, 
and  in  aU  "other  fermented  liquids,  are  primary  ones,  and  generaUv , 
though  not  always,  normal.    Of  the  several  aldehydes,  the  ethylic  and 
the  propylic  are  now  and  then  found  in  wines.    Of  the  acids  we  find 
formic,  related  to  methylic  alcohol  as  acetic  acid,  a  normal  ingredient 
of  wine,  is  to  ethylic  alcohol.    Of  propylic  alcohol  we  may  not  only 
have  the  aldehyde,  but  also  the  acid,  propionic  acid.    And  of  each  of 
the  higher  members  of  the  alcohol  series  we  may  have  not  only  one 
but  several  primary  forms,  and  of  these  fonns  the  respective  aldehydes 
and  corresponding  acids.    Lastly,  we  may  have  the  compoimd  ethers 
of  all  those  alcohols  and  acids  fonned  with  the  acid  corresponding  to 
their  series,  as  well  as  compound  ethers  of  aU  those  alcohols  with  the 
other  acids  of  the  vsdne.' — Thudichum  and  Dupre. 

The  presence  of  acet-aldehyde  in  a  wine  may  be  recognised  by  its 
very  peculiar  smell  and  flavour.  If  the  wine  be  neutralised  and  dis- 
tilled, the  aldehyde  wiU  readily  pass  over,  and  may  be  distinguished 
by  its  smell,  by  its  reducing  action  on  salts  of  silver,  and  its  ready  con- 
version into  acetic  acid. 

The  Adds  of  Wine. 

Of  these  some  exist  in  the  grape  itself,  while  others  result  from  the 
fermentation ;  the  former  consist  of  tartaric,  malic,  and  tannic  acids, 
the  latter  of  acetic,  formic,  succinic,  and  carbonic  acids ;  besides  which 
wines  usually  contain  minute  quantities  of  some  of  the  fatty  acids,  as 
oenanthic,  propionic,  and  butyric  acids. 

Of  tartaric  acid  two  varieties  are  met  with  in  wine— ordmary 
tartaric  acid,  termed,  from  its  action  on  polarised  light,  dexti-o-tartaric ; 
and  levo-tartaric  acid,  which  turns  the  plane  to  the  left,  Raceimc 
acid  also  occurs  in  wine ;  this  differs  but  little  from  tartaric  acid,  and 
is  sometunes  called  para-tartaric  acid. 

These  acids  are  all  bibasic  acids,  forming  both  acid  and  neutral  saslt. 

Tartaric  acid  may  be  prepared  ariificiaUy,  as  by  the  action  of  dilute 
nitric  acid  on  sugar  of  milk  and  gmn.  _ 

The  tartaric  acid  and  alcohol  combine  slowly  m  wme  to  torm  tai-- 
taric  ether. 


WINE  AND  ITS  ADULTEKATIONS.  721 

Laevo-tartaric  acid  does  not  exist  in  wine  in  the  free  state,  but  in 
combination  with  ordinary  tartaiic  acid,  forming  together  racemic  acid 
WHICH,  in  the  crystaUised  state,  has  the  composition  0,H  0  +  H  o' 
If  strong  solutions  of  the  dextro-  and  Itevo-tartaric  acids  are  mixed 
racemic  acid  is  formed  miiea, 

I)exti-o-tai-tai-ic  or  ordinaiy  tartaric  acid,  C^H,0„.  mavbe  thim  tirp 
pared  and  extracted  from  crude  cream  of  tUr.  '        Talt  i  decom-" 
posed  by  boiling  with  chalk,  when  a  precipitate  of  tartrate  of  calciiSi 
is  produced,  neutral  tartrate  of  potassium  remaining  in  solution  This 

?ff  1  ^^•'^^"^  j«  formed  and  precipitated.  The  tartrate  of  calcium 
s  then  decomposed  with  dilute  sulphuric  acid;  the  insoluble  sul^ 

^^^S:':     '-'^'''^  "^'^    -  -p- 

,  The  crystals  belong  to  the  oblique  prismatic  system,  are  unsvmme- 
ti-ical  by  reason  of  their  hemihedral  faces,  and  they  do  not  contah^any 
wa  er  of  crystaUisation.  They  dissolve  readily  in  wa?L  Teauirin  J 
ittle  morethanhalftheirweightof  cold,  and  still  iSs rfeingwSe^ 

urJX  r  ^  ^°««l"We  in  ether  rthe  ilution 

turns  the  plane  of  polansation  to  the  rio-ht  i=uiuiion 

Jifalio  acid  (0,H,0  )  occurs  in  considerable  amount  in  the  iuice 
of  the  grape,  and,  according  to  some,  in  wine  also  ^ 

and  etherf  ^""^  ^"^^^  ^''^        ^^^t^al  salts 

Malic  acid  ciystaUises  with  difficulty  in  masses  of  radiating  needle- 
like  crystals  ;  they  are  very  deliquescent,  soluble  in  water  and  alcohol 
ligltTthS^^^  "  ^^-«^^tion  turns  the  plane  ofpotrtel 

The  neutral  and  acid  potash  salts  are  soluble  in  water,  alcohol  and 
a  rnixto-e  of  a  cohol  and  ether ;  and  hence  a  means  is  aftbrded  of  the 
separation  of  this  acid  from  tartaric  acid.   The  lime  salt  £  also^olnlT! 
m  water,  but  is  thrown  down  by  prolonged  boS    alcohirifli  • 
precipitates  it  from  its  aqueous  solution  °  ^ '       ^""^  ^^'"'^ 

«ff™ff  the  appearance  of  sugar  in  grapes  malates  predominate- 
afterwards,  as  the  grapes  npen,  the  tarti-ates  ■  the  unripe  Jrapes  are  of 
com-se,  much  more  acid  than  the  ripe  •  this  dimini,fi-on  ff  l^A  ■  '  • 
part  apparent  only,  since  the  taste  o^the  acid  Wer^\nd  T^^^^^^^^^ 
by  the  sugar;  and  since,  also,  the  grapes  incieLe  ^  w 

'  durmg  growth.    It  has  been  sm-mised  bTsome  that  Srt  of ^  -f^^ 

:.S:\t:^^l°tt?4^^^^^^^^^  i.  Wine  in 

.and  the  deoommsition  o}  malic  acid    It.  ZT^  j 

■fron.  a^W  b?  di«i.ati„n,  'ort;,  l^S^Sr^/l'ZZl 
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of  one  part  of  malate  of  lime,  tliree  of  water,  and  one-t\s^elfth  of 
cheese. 

According  to  Thudiclium  and  Dupr6,  one  litre  of  wine  contaii:^ 
from  1  to  1-5  gi-amme  of  succinic  acid. 

Malic,  tartaric,  and  succinic  acid.9  are  convertible  into  each  other ; 
thus,  tartaric  acid  heated  with  hydrochloric  acid  is  reduced  first  to 
malic  and  then  to  succinic  acid,  while  succinic  acid  by  oxidation  may 
be  converted  into  malic  and  tartaric  acids. 

Succinic  acid.  Malic  acid.  Tartaric  acid. 

CiHod  C4H6O5  C^HeOe 

Fm-thermore,  tartaric  acid  may  be  transformed  into  grape  sugar, 
which  may,  in  its  turn,  under  the  action  of  oxidising  agents,  be  made 
to  yield  tartaric  acid. 

'Acetic  acid  (G^Ufi^)  is  formed  in  wine  principally  by  the  oxida- 
tion of  the  alcohol,  the  stages  of  the  process  are— first,  the  abstraction 
of  two  atoms  of  hydrogen  from  the  alcohol,  water  and  aldehyde  being 
formed ;  and  second,  the  conversion  of  the  aldehyde  by  the  absorption 
of  one  atom  of  oxygen  into  acetic  acid,  thus : 

Alcohol.  Aldehyde. 
CaHeO  +  O    =  CaH^O+lloO 

Aldehyde.  Acetic  acid. 

C2H4O  +  0      =  C2H4O2 

Now,  for  the  conversion  of  alcohol  into  acetic  acid,  fom-  things  are 
necessary — that  the  solution  of  alcohol  be  weak ;  that  an  albiunmouB 
matter  to  act  as  a  ferment  be  present ;  that  the  liquid  have  an  acid  re- 
action ;  and  that  it  be  freely  exposed  to  the  aii-.  Under  these  condi- 
tions the  acetous  fermentation  takes  place,  and  the  vinegar  fungus 
begins  to  develop,  by  the  action  of  which  the  alcohol  is  rapidly  con- 
verted into  acetic  acid. 

But  if  oxygen  be  largely  supplied,  as  when  alcohol  in  weak  solution 
is  poured  over  wood  shavings  or  birch  twigs,  it  may  be  converted  into 
acetic  acid  without  the  intervention  of  either  albuminous  matter  or 
vinegar  fungus  or  plant,  as  it  is  termed. 

'  In  all  moderately  warm  countries  it  requires  but  slight  attention 
to  preveut  an  excessive  production  of  acetic  acid,  and  in  the  wines 
produced  there  the  quantity  usually  ranges  from  between  0-5  to  1-5  per 
1,000  parts  of  wine.  In  warm  coimtnes  and  seasons,  however,  and  in 
ail  cases  in  which  the  skins  are  allowed  to  ferment  with  the  must, 
great  care  is  requisite  to  prevent  the  formation  of  vinegar ;  and  fre- 
quently the  fermentation  of  the  must  has  to  be  stopped  by  the  addition 
of  alcohol.  It  has  been  stated  that  the  addition  of  acetic  acid  or 
vineo-ar  to  wine  considerably  favours  the  growth  of  the  mycoderma ; 
and  as  a  parallel  to  this  it  is  found  that  the  rapidity  \\-ith  which  wine 
is  converted  into  vinegar  increases  to  a  certain  extent  with  the  in- 
creasing amount  of  acetic  acid:— Thudichmi  and  Dupre. 
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The  higjest  amount  of  acetic  acid  found  by  Tliudichum  in  tliirtv 
samp  es  of  Ehme  and  other  German  wines  amouuted  to  1-78  per  1  OOO 
and  the  lowest  to  0-36,  but  in  seven  samples  of  Greelc  wines  the  add 
varied  between  1-53  and  3-69  per  1,000  parts.  In  good  so  md  wines 
the  fi^e  acid  ranges  from  0-3  to  07  per  cent.,  and  of°the  totS  acTdifcy 
not  more  ban  about  0-15  per  cent,  should  be  due  to  volatile  acid 
Acetic  acid  is  monobasic,  and  forms  but  one  class  of  salte  and  of 

La^ly,  it  should  be  added  that  nearly  the  whole  of  the  volatile 
ac  d  of  .vane  consists  of  acetic  acid,  and  for  aU  practical  punfoseB 
may  be  estimated  as  such,  and  the  fixk  acids  as  tarLc  acid.^  ^ 

T/ie  Fatty  Acids. 
(Enanthic  Acid. 

,  -'^i^^^^i^^^f  CJuHaeOg  has  been  discovered  by  Liebit^  in  the  efh^r  +n 
which  the  characteristic  odour  of  wine  is  d,iP     tHa^  i  ffv  ™ 

give  the  following  process  for  obtaT^g  t  ffi.IS  e^^^^^^^  h  TI 
with  a  solution  of  caustic  potash,  whereby  akoSol   s  driven  off  and 

Tannic  Acid, 
to  contain  more  or  less  tennin  t  •  ^  T 

in  the  new  red  win^,VhatX'         trnint  ^1  wiTh '  ^^^^^^^^ 

:  .eladn:  SSgtThTint^^^^^^^^^^  ^''^      ^^^--n  and 

=  and  acetate  of  "potash  n^rise  o  a  bl  frii  ^^^T' 
-.  tate.    Sometimes  part  °of  thTte^nin  met    '^^^^^^^^  co  oration  or  precipi- 
:  the  oak  casks  in  which  it  is  kepT  ^  ^^''^'^  ^'^^ 

.and^XtcidfbVt^as^^^^^^^^  decomposition  glucose 

•the  air,  the  latter  acW  is  biTrTrelv  if ^  "^^-^^^^  «f 

;  furnishes  by  oxidation  a  Sown  humi  LeTnint '"i^^°'-  "^'^^ 
l:byBerzelius,apothema.    This  s  ta^i^itno^^^ 

3  A  2 
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enough  remains  to  colour  it  yellow,  and  in  old  port  wine  this  colour 
alone  remains,  the  red  coloui-ing  matter  having  become  precipitated 
with  the  tannin  and  albumen,  all  combining  together  with  tartrates  of 
potash  and  lime  to  form  the  crust  of  old  port  and  other  strong-bodied 
red  wines.  In  new  wines  the  whole  of  the  colouring  matter  is  thrown 
down,  and  the  wine  is  left  nearly  colourless.  It  is  only  in  the  aged 
wines  that  the  tawny  or  yellow  colour  is  seen.  This  yellow  colouring 
matter  is  the  oxidised  tannin  of  wine. 

Tannin,  by  reason  of  its  affinity  for  albumen,  prevents  that  substance 
in  wine  from  imdergoing  further  change,  and  thus  assists  greatly  in 
the  preservation  of  the  wine. 

The  Ethers  of  Wine. 

These  are  divisible  into  the  volatile  and  the  fixed.  The  principal 
volatile  ether  of  wine  is  the  aceto-ethylic  ether  or  acetate  of  ethvl 
(0  HgOj),  which  is  formed  when  ethylic  alcohol  and  acetic  acid 
are*  brought  together ;  the  weaker  the  solution  of  alcohol  and  acid 
the  smaller  wilf  be  tbe  quantity  of  the  ether  formed.  As  this  ether  is 
produced  in  wine  but  slowly,  its  amount  in  a  wine  of  good  qualitj'  is 
to  some  extent  a  measure  of  age. 

Other  volatile  ethers  found  in  minute  quantities  in  vdne,  and  espe- 
cially in  old  wine,  are  aceto-propylic,  butyric,  amylic,  and  caprylic 
ethers.  These  are  formed  by  the  union  of  the  acetic  acid  with  the 
several  alcohol  radicles. 

Then,  again,  the  fatty  acids  form  with  the  several  alcohols,  ethers, 
as  butyro-ethylic  ether,  caprylo-ethylic,  capro-ethylic,  and  pelargo- 
ethylic  ethers.  In  wine  these  acids  probably  usually  combine  with  the 
more  abundant  ethylic  alcohol.  These  ethers  possess  highly  character- 
istic aromas,  mostly  of  fruits ;  butyric  and  caprylic  ethers  have  the 
smell  of  pineapples,  caproic  ether  of  melons,  and  to  pelargomc  acid  is 
due  probably,  according  to  Thudichiim,  a  portion  of  the  characteristic 
wine  flavom'. 

CEnanthic  Ether. 

Forty  thousand  parts  of  wine  are  said  to  yield  one  part  of  this  oily 
ether,  which  passes  over  only  towards  the  completion  of  the  distillation. 

Possessing  a  very  strong  vinous  smell,  it  is  to  its  presence  that  the 
characteristic" smell  of  wine  is  mainly  due. 

Tartaric  Ether. 

Tartro-ethylic  ether  (G^YL.^O^)  is  also  met  with  in  wine. 

'  By  the  influence  upon  each  other  of  the  alcohols  and  acids  shown 
to  be  present  in  wine  a  considerable  niuuber  of  compound  ethers  may 
be  produced.  For,  supposing  five  acids  and  five  alcohols  to  be  present, 
tbev  mio-ht  produce  twentv-five  compound  ethers,  some  or  all  ot  which 
mi-ht  be  present,  and  contribute  their  share  to  the  flavom-,  such  flavour 
alterino-  as  one  or  the  other  ether  predominates.  All  these  ethers  occur 
in  wine  in  extremely  minute  quantity  only,  and  almost  entu-ely  evade 
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ordiuary  analysis.  However,  in  tlie  manufacture  of  brandy  enormous 
quantities  of  wme  are  distilled,  aud  a  considerable  amount  of  so-caUed 
lusel  oil  obtained,  in  which  a  number  of  the  above-named  volatile 
acids  aud  ethers,  as  well  as  several  alcohols,  have  been  detected  In 
order  to  completely  study  the  subject,  it  would  be  necessary  not  only 
to  collect  those  usel  oils,  which  generally  constitute  the  parts  dis- 
timng  oyer  last,  but  to  submit  the  brandy  itself  to  oft-repeated  frac- 
tional distillation,  so  as  to  obtain  the  more  volatile  ethers  as  well ' 
rhudichum  and  I>upr^. 

_  According  to  Berthelot,  the  amount  of  the  ethers  found  in  wine 
increases  with  the  quantities  of  alcohol  and  acid,  and  stands  in  a  nearly 
r;£f  i  1  7  l^erewith.  On  these  data  he  has'  constructed  a  forS 
mtinn     TW  '^'nt^T  independent  of  their  direct  determi- 

nation. This  tormuk  will  be  found  stated  elsewhere  in  this  article  the 
results  afforded  by  Its  use  being  found  to  correspond  prettrcbseTy 
with  those  obtained  by  actual  analysis.  v       v     :j  oxubeiy 

_  The  ethers  of  wine  being  of  tWo  kinds,  fixed  and  volatile  thouo-h 
SnSf  ^  • ^^'^         ^^-'^'^  ^nter  into  their  com- 
that  the  fixed  ethers  are  the  first  produced,  and  are  to  be  found  in 
comparatively  yoiuig  wine,  whereas  the  volatile  ethers,  mainly  acet  c 
.  ether,are  generated  only  gradually;  so  that  the  amount  o^Xt°leethe^ 
'     M  '  aftords  a  valuable  indication  of  the  age  and  mat  iS  ty  of  at^ue  ' 
Messrs.  Thudichum  and  Dupre  state  that  'the  amount  sS 
,  padually  augment  with  age,  until  in  from  four  to  six  vTars  the  mS:- 
.  imum  would  be  reached.    If,  then,  a  fresh  amount  of  alcohol  be  added 
.  and  the  wine  fortified,  etherification  will  begin  afi-esh,  anragain  reach 
f  a  maximum  after  a  number  of  years.    On  the  other  i^^^A  «  w^V. 
ipared  artificiaUy  with  .M.M.oJoi  ethers,^S  prohlbW^ 
rmaxmium  of  ethers,  or  will  even  exceed  this,  and  wiU  then  TnsteS  of 
.  "t^:^  ''^''^^-y'  -         ^  diminutiontftht 

The  Bouquet  of  Wine. 
The  smell  or  bouquet  of  wine  is  of  two  kinds— o-eneral  and  ^neoi^l 
^hat  common  to  all  good  wines  arises  from  certdrvolatile 
In'^licTtht"'^  '''^  particularised,  and  the  principIlT^hiri: 

Of  the  special  constituents,  some  exist  in  cer+^^T,  }A-n^a 
.as  Muscatel  and  Isabella  gi-a'pes;  while  other  a*^  «e^^^ 
out  of  substances  abeady  present  in  the  ffi-anes  and  3f  lt  /   ^  / 
•  ters  formed  diu-ing  or  after  fermentation^  ^rCfi  f  i  ^  ^romjn&t- 
:  in  what  are  termed  aromatic  Ces    the  seconT^n  f     ''/T  ^^^'""^ 

Substances  yielding  the  bouquet  are  sometimes  contated  in  gLte' 
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quantity  in  tlie  unripe  than  in  the  ripe  prape.  Their  chemical  nature 
is  but  little  understood.  PartW,  no  doubt,  they  consist  of  a  mixture  of 
compound  ethers,  formed  by  the  middle  members  of  the  fatty  acid 
series.  These  acids  orifjinate  in  the  oxidation  of  albuminous  substances 
as  well  as  in  the  oxidation  of  some  of  the  higher  members  of  the  series 
or  their  fats.  The  moi  e  important  constituents  of  true  bouquet,  how- 
ever, seem  to  be  of  a  different  nature.  The  fruit-blossoms,  or  other 
parts  of  certain  plants,  when  submitted  to  fermentation,  produce  a 
small  quantity  of  essential  oil,  termed  ferment  oil,  which  possesses  a 
characteristic  smell,  not  unfrequently  resembling  tlie  bouquet  of  certain 
kinds  of  wine.  Thus,  the  flowers  of  the  elder,  when  allowed  to  ferment 
with  the  must,  impart  to  it  the  aroma  of  Muscatel  grapes ;  whilst  the 
flowers  of  the  vine  itself  under  these  circumstances  produce  the  Khine 
wiue  bouquet.' — Thudichum  and  Dupre. 

The  Colouring  Matters  of  Wine. 

White  wines. — Some  of  the  white  wines  contain  but  little  colom*- 
ing  matter,  as  Champagne ;  others,  as  most  sherries,  more.  The  colour 
of  white  wines  depends  much  upon  the  grapes  from  which  they  are 
made,  especially  their  condition  as  to  ripeness;  and  this  colour  usually 
increases  with  age,  owing  to  the  oxidation  of  some  of  the  extractive 
matters  of  the  wine,  and  in  particular  the  tannin.  Not  imfrequently 
the  colom-  of  white  wines  is  increased  by  the  addition  of  a  dark  syrup, 
obtained  by  the  evaporation  of  the  jiiice  of  very  ripe  and  dark  coloured 
grapes ;  in  other  cases  by  the  use  of  caramel  or  burnt  sugar — an  objec- 
tionable practice,  and  oue  very  injurious  to  the  flavour  of  the  wine. 

Red  luijies. — The  various  tints  and  depths  of  colour  of  red  -n-ines 
are  due  sometimes  to  the  colom'ing  matter  contained  in  the  pidp  of 
some  descriptions  of  grapes,  but  chiefly  to  that  present  in  the  sldns  of 
the  fruit. 

The  colom-ing  matter  of  the  pulp  of  certain  grapes  has  hitherto 
been  but  little  studied  ;  it  is,  however,  distinguished  by  its  solubility, 
and  is  said  in  this  respect  to  agree  with  that  of  elder-berries  and  black 
cmrants.  In  France  and  Spain  a  vine  is  much  cidtivated,  called  the 
<  Teinturier,'  and  the  grapes  of  which  produce  a  wine  of  a  deep  colour, 
much  employed  for  increasing  the  colom-  of  other  wines. 

The  coloming  matter  of  the  skins  of  red  grapes  is,  in  its  natural 
state,  insoluble ;  and  hence  the  two  kinds  of  coloming  matter  might 
be  separated  in  the  juice  of  the  grape,  but  imfortunately  not  .  in  the 
wine  itself,  and  which,  not  imfrequently,  contains  both  descriptions  of 
colouring  matter.  Port  wine  very  generally  contains  some  of  the  colour- 
ing matter  of  the  '  Teinturier.' 

The  colouring  matter  or  powder  obtained  fi-om  a  red  wine  by 
Mulder's  process,  described  hereafter,  has  the  following  properties  and 
reactions ;  it  is  of  a  bluish-black  colour,  and  is  quite  insoluble  in  water, 
alcohol,  ether,  chloroform,  sulphide  of  carbon,  olive  and  tiu-pentine  oils; 
■with  alcohol  containing  a  trace  of  acetic  acid  it  yields  a  beautiful  blue 
liquid ;  with  more  acid  it  becomes  red ;  with  alcohol  and  tartaric  acid 
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it  also  turns  red,  although  it  is  only  soluble  in  small  quantities,  and 
alter  being-  dried  it  requires  some  hours  to  dissolve. 

If  the  acid  be  just  neutralised  with  ammonia  the  solution  becomes 
blue;  the  same  change  occurs  on  the  cautious  addition  of  potash,  soda  or 

lir-  ^  ^^^^^  addition  of  acid  will  restore  the  red  colour 

With  basic  and  neutral  acetate  of  lead  the  colouring  matter  forma 
a  blue  precipitxate,  consisting  of  oxide  of  lead  and  colom-in"-  matter 
wliich  therefore,  in  this  case,  replaces  an  acid.  ' 

If  more  ammonia  be  added  to  the  red  solution  of  the  colourin.^ 
matter  m  alcohol  and  tartaric  acid  than  is  necessary  to  neutralise  the 
acid  the  colour  which  was  before  blue  becomes  green ;  if  the  ammonia 
be  allowed  to  act  for  a  little  time,  or  more  be  added,  it  becomes  brown 
and  the  red  colour  cannot  now  be  restored  by  means  of  an  acid.  The 
TllSgtir""""  °^  decomposing  the.  blue 

Although  this  colouring  matter  is  thus  easily  destroyed  by  alkalies, 
It  IS  comparatively  unaffected  by  acids,even  by  strong  sulphuric  acid 
Chlorine  causes,  hke  the  alkalies,  the  colouring  matter  to  become 
brigh^VTuiw.'''''''  "^^^'^^"^^  ^^'^^^       brown  substance  to  becZe 

is  ISftt'*'  f  ^  ^^'""Y  ^^"^  of  silver 

Zur    i'  "  becomes  deeper  red;  with  mercuric  chloride, 

paler ,  by  mti-ate  of  mercm-y  it  is  imaltered  ;  chloride  of  tin  makes  it 
dai;ker  red  and  s  ightly  violet ;  nitrate  of  lead,  brighter  red  ;  the  pre- 
cipitates  of  certam  acid  salts  are  colourless  ;  acetate  of  aWna  gfvea 
It  a  violet  hue,  veiy  much  like  the  colom-  of  wine  ^ 

These  several  reactions  explain  the  changes  of  colour  which  wine 
uiidergoes,  according  as  it  is  but  little  or  strongly  acid.  Unfortunatelv 
here  do  not  appear  to  be  any  peculiarities  in^these  reacLns  wSe  eby 
otb^  fu''  f       ^'"P^  ^"-^       distinguished  fi-om  that  of 

the  elderblnf.       ''^'''''^S  ^^ttevs,  as  those  of  logwood,  cherries,  or 

froi^^Sr^''^"''''*'  r'A"^^^^  ^'P°°  colouring  matter  obtained 
liom  a  French  red  wine  but  he  states  that  the  coloming  matter  of 

fZ^r!^^  ^'  ^^'l.Po^t  exhibits  precisely  the  sameVopeiSes 

ongmaUy  oi  a  dark  colour,  two  colouring  matters  maybe  detected— the 
pioduct  of  the  oxidation  of  the  tannic  acid.    If  port  ^ne  be  nreoini 

felio^  d  whtt  /  '"f'  '"^7  ''^'f'  obtaine'd;  imL  be  w2d 
tne  Jiqmd  which  flows  from  it  is  colouriess;  if  after  washin<^  it  be 

^S^'lSd'^lTt"  fi^'^'^Yl'"'^  parogen  be  paLed  t&ugh  k 
tJie  liquid  will  now  be  tinged  of  a  pale  yellow  colour.    The  sulnhide 

if  itt  Wed  J?b''"*""  "^"'i  f^^  f -Otters 
1      •  T^.  "^"i™  ^^""^^^^       tartaric  acid  a  tinctm-e  of  a  vort- 
wine  colour  is  obtained,  redder  if  the  wine  be  younc,  and  browner  f 
it  be  old,  1  now  containing  the  two  colouring  matters     If  thTsTquid 
which  contains  both  tartaric  acid  and  alcohof,  be  digested  w^thcXn- 


728 


"WINE  AND  ITS  ADULTERATIONS. 


ate  of  lime,  evaporated  to  dryness  on  a  water-bath,  and  treated  with 
water  till  the  last  trace  of  acid  disappears,  boiled  with  water  and 
filtered,  the  oxidised  tannin  is  obtained  as  a  brown  liquid,  while  the 
red  colouring  matter  is  retained  by  the  lime,  fi-om  which  it  can  be  ex- 
tracted by  means  of  alcohol  and  tartaric  acid. 

In  the  crust  of  port  wine  the  tannin  is  in  an  insoluble  state  ;  ex- 
tracted with  alcohol  and  tartaric  acid  the  crust  gives  a  yellow  tincture 
like  very  old  port  wine,  but,  if  this  be  treated  with  chalk,  boiling 
produces  no  brown  solution  owing  to  the  tannin  ha\ing  been  rendered 
insoluble. 

Ammonia, 

A  very  minute  quantity  of  ammonia  is  usually  present  in  wine, 
which,  according  to  Mulder,  is  not  contained  in  the  grape,  but  is  due 
to  the  action  of  the  ferment  on  the  albuminous  constituents  of  the 
juice.  Of  the  ammonia  thus  formed  part  is  precipitated  during  fermen- 
tation, as  phosphate  of  ammonia  and  magnesia. 

Thudichiim  and  Dupr6  found,  by  Wanklyn  and  Chapman's  process, 
the  following  quantities  of  ammonia  in  the  wines  named  below : — 
Ingelheimer,  red       .      .      .      0-0051  per  cent. 

Port,  1851    00046  „ 

Sherry,  30  }'ears  in  bottle  .      .      0-0073  „ 

Madeira   0-0021  „ 

Niersteiner  ....  0-0021  „ 
Natural  port  ....  0-0019  „ 
Port,  1865   0-0012  „ 

Albuminous  Matter. 
The  unfermented  juice  of  gi-apes  contains  much  albuminous  matter. 
Part  of  this  forms  the  ferment  of  wine,  which  is  absorbed  by  the  j-east, 
and  is  deposited  in  an  insoluble  form  during  fermentation  ;  but  a  small 
quantity  is  stiU  invariably  contained  in  all  wine,  as  will  be  seen  here- 
after. 

Properly  fermented  wines  contain  but  little  nitrogenous  matter ; 
imperfectly  fermented  wines  more,  and  these  are  consequently  liable  to 
further  fermentation,  while  red  wines  contain  the  most,  especially  when 
young,  the  tannic  acid  preserving  it  from  further  change.  In  course 
of  time,  however,  much  of  this  albumen  becomes  precipitated  with  the 
tannin,  and  helps  to  form  the  crust  of  red  wines. 

In  considering  the  question  of  the  presence  of  albuminous  matters 
in  -wine,  we  must  remember  that  albiuuen  is  precipitated  by  alcohol, 
even  when  much  diluted,  so  that  as  a  rule  the  stronger  the  wine  the 
less  albumen  it  wiU  contain.  Again,  the  tannic  acid  forms  an  insolu- 
ble compound  with  albumen,  thus  preser^dng  it  and  the  wine  as  well 
from  further  change ;  and  in  time,  as  in  red  wines,  this  becomes  in  part 
deposited ;  but,  on  the  other  hand,  it  must  not  be  forgotten  that  al- 
bumen is  soluble  in  tartaric  acid,  even  in  the  presence  of  the  alcohol 
and  tannin  of  wine.  In  weak  alcoholic  liquids,  as  weak  wine  or  beer 
much  albumen  may  be  present,  because  in  these  cases  the  large  quantity 
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of  water  present  keeps  it  in  solution.  Much  albumen,  according  to 
Mulder,  is  also  present  in  champagne,  causing  it,  after  it  has  been 
pom-ed  out  a  little  time,  to  become  thick. 


The  Mineral  Comtituents  of  the  Orape. 

The  different  proportions  of  the  inorganic  constituents  of  the  ash  of 
grapes  and  of  their  juice  must  doubtless  exert  an  influence  on  the  quality 
of  the  wme,  and  are  impoi-tant  in  the  determination  of  its  purity  so 
that  It  becomes  of  consequence  to  ascertain  of  what  tliese  consist,  and 
m  what  quantities  they  are  present. 

Berthier  gives  the  percentage  composition  of  the  ash  of  the  entire 
grapes,  Imown  under  the  name  of  Gamay,  collected  at  Nemom-s  in 
1850,  as  follows : — 


Sulphate  of  potash 
Chloride  of  potassium 
Carbonated  alkali 
Carbonate  of  lime  . 
Carbonate  of  magnesia 
Phosphate  of  lime . 
Silicic  acid  . 


5-0 
2-7 
44-4 

10-5 
12-5 
23-5 
1-4 


100-0 

Boussingaidt  gives  the  foUowing  as  the  composition  of  the  ash  of 
must,  and  ol  a  htre  of  wine,  made  from  the  same  must  :— 

Ash  of  must,       Ash  of  litre  of  mne 


Potash  . 

Soda 

Lime 

Magnesia 

Oxide  of  iron  and 

Phosphoric  acid 

Sulphuric  acid 

Chlorine 

Carbonic  acid 

Sand  and  silica 

Loss 


alum 


per  cent. 
36-9 
0-4 
10-7 

2-  2 

3-  4 
10-7 

6-4 

0-4 
12-4 
1.5-3 

2-2 


in  grammes. 
0-842 

0-092 
0-172 

0-412 

0-096 

traces. 

0-250 

0-006 


100-00 


1-870= 
0-19  per  cent. 

Lastly  Crasso's  analyses  of  the  ash  of  the  must  of  piu-ple  and  white 
gjpevof  the  skins  and  of  the  stones,  are  shown  L  the  subjoined 

^("MefzgTr)!""^"  ^'"P''  Burgundy  or  black  Clavners 

2.  Must  from  ripe  purple  grapes,  .small  Burgundy  or  black  Clavners  CMetzo-er^ 
Must  from  ditto,  but  from  a  different  place  <-lavners  (.Metzgei). 

^^j^fger)."^'''^'''^''''''''  green  Sylvaners  (Babo  and 

5.  Purple  skins  from  No.  1. 
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6.  White  skins  from  No.  4. 

7.  Stones  from  No.  1. 

8.  Stones  from  No.  4.    All  in  100  parts. 


Potasli  . 
Soda 
Lime 
Magnesia 
Oxide  of  manganese 
Iron 

Sulphuric  acid 
Chlorine 
Silica  . 
Phosphoric  acid 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

66-33 

65-04 

71-85 

62-74 

41-65 

46-89 

27-89 

29-46 

0-33 

0-4-^ 

1-20 

2-66 

2-13 

1-62 

5-20 

3-37 

3-39 

5-11 

20-31 

21-73 

32-18 

35-57 

3-27 

4-74 

3-97 

3-95 

6-02 

4-45 

8-53 

8-51 

0-82 

0-75 

0-10 

0-30 

0-76 

0-51 

0-35 

0-46 

0-73 

0-43 

0-09 

0-40 

2-11 

1-97 

0-45 

0-65 

5-19 

5-64 

3-65 

4-89 

3-48 

3-88 

2-40 

2-61 

0-74 

1-03 

0-47 

0-70 

0-49 

0-71 

0-27 

0-35 

1-99 

2-10 

1-19 

2-18 

3-46 

2-57 

0-95 

1-27 

16-38 

16-59 

14-07 

17-04 

19-57 

15-66 

27-00 

21-05 

From  the  foregoing  analyses  of  the  ashes  of  grape-juice  we  are  en- 
abled to  determine  with  some  approach  to  accuracy  the  proportions  of 
the  several  salts  present  in  100  parts  of  grape-juice,  and  these  would 


stand  as  given  below 


Potash 
Soda  . 
Lime  . 
Magnesia  . 
Oxide  of  manganese 
lion  . 

Sulpliuric  acid  . 
Silica  . 

Phosphoric  acid  . 


Total 


0-251 
0-011 
0-020 
0-(il6 
0-001 
0-002 
0-019 
0-009 
0-068 

0-397 


In  100  parts  of  Ohasselas  grapes  Berthier  found  of  ash,  0-364. 

In  100  parts  of  Pinot  Noir  Bui-gundy,  0-4G8. 

Orasso,  in  the  juice  of  ripe  grapes,  fouud  0-326  of  ash. 

In  unripe  grapes,  0-371  of  ash. 

Messrs.  Thudichura  and  Dupre  found  the  skins,  stalks,  and  stones 


Grape  stalks 
Opaque  green  grape 
Transparent  grape 
Eipe  grape  . 
Skin  of  grape 
Stones  of  grape  . 

Grapes  fmm  Gamay  vine  at  Nemours  | 
(Bt-rtliier)     . "     .      .      .      .  j 

We  must  not,  however,  expect  to  find  in  wine  anything  like  the 
quantities  above  given,  and  for  the  following  reason.    As  fermentation 


Soluble. 

Insoluble. 

6-0 

0-4 

5-6 

5-0 

0-6 

4-4 

2-7 

05 

2-2 

2-6 

0-4 

2-2 

4-8 

0-3 

4-0 

2-7 

0-2 

2-6 

4-20 

2-25 

1-98 
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proceeds  and  more  and  more  alcohol  is  formed,  the  mixture,  now  less 
watery  than  at  first,  can  no  longer  retain  in  solution  the  same  quanti- 
ties ot  many  of  the  saline  constituents  it  previously  held  dissolved  •  thus 
phosphate,  tartrate,  and,  it  is  affirmed  by  MuUer,  sulphate  of  lime  are 
being:  continually  precipitated,  as  also  bitartrate  of  potash,  or  creai  of 
tartar ;  and  according  to  the  same  authority,  '  sulphate  of  potash  and 
tartrate  of  magnesia,  or  tartrate  of  potash  and  magnesia.'  Yoimo-  wine 
therefore,  contains  less  of  the  salts  mentioned  than  grape-juice,  and  old 
wmem  which  a  crust  is  formed  a  still  smaUer  amount  '  ^ 

Bra9onnot  found  the  sediment  which  first  forms  in  wine  to  have 
the  lollowmg  composition : — 

Albuminous  matter   21 


Cream  of  tartar 
Tai-trate  of  lime 
Phosphate  of  lime 
Sulphate  of  lime 
Alumina,  wax-like  fat,  &c 


61 
5 
6 
2 

5 

100 


Mineral  Constituents  of  Wine. 
The  mineral  constituents  of  wine  present  in  the  ash  resemble  of 
cotirse,  closely  those  of  the  grape,  and  consist  of  caiW^S  ^ 
and  lime,  with  phosphate  and  sulphate  of  potash,  chloride  of  potassium 
chlonde  of  sodium,  phosphate  of  lime  and  magnesia,  with  iron  sTS' 
'^^rZT2.r''^'''        alumina,  the  last  i4ually  rvintan 

tinT.°ff  T''^  derived  from  the  ircinera- 

tion  of  the  organic  acids,  as  the  tartaric  and  maHc  acids  and  are  not 
present  as  such  m  the  wine.  ' 

If,  however,  the  must  of  the  wine  has  been  plastered  or  the  win^ 
diSi?f  i'*^'  r^^'^'      sidphuring,  the  tartrates  and  rJaMes  are 
dimmished  in  part  or  entii-ely  removed,  tartrate  and  malSe  of  liraP 
being  thrown  down,  and  sulphate  of  potassa  takin/itH  aS  so  tS- 
wines  which  have  been  thus  ti-eated  may  contaia"l  '^0'  even 

lor  the  amounts  of  ash  fumisheri  liir /liflk^^^j.    •  i  • 
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Averages  of  the  Analyses  of  Wine. 


■e 

•c 

rso. 

- 

Description  o£ 
Wine. 

ic  Gravity 

Icohol, 
weight. 

a  Acid,  as 
aric  Acid. 

le  Acid,  a 
tic  Acid. 

1  Acid,  as 
aric  Acid. 

irtaric  Aci 

lue  found. 

c_ 
4d 

o 

s 

CI 

Specie 

.Q 

Fixei 
Tart 

Volati 
[  Ace 

« -p 
■♦^  *i 

o  ^ 

Pi 

Eesic 

To 
<v 

(4 

1 

G-erman  wliite 

993-5 

9-98 

-440 

-217 

•638 

-1241 

1-337 

ii  J  OU 

(Thudichum.) 

1'894 

2 

French  wViite 

992-2 

10-84 

-435 

•169 

•634 

•1020 

1-267 

(Thudichum.) 

•1269 

2-145 

3-677 

3 

French  red   .      .  . 

999-8 

10-44 

•374 

•137 

•580 

(Thudichum.) 

•1222 

1-677 

1-979 

4 

Hungarian  red 

992-5 

10-81 

-386 

-191 

-628 

(Thudichum.) 

1-587 

5 

Hungarian  wliite  . 

991-6 

10-23 

•419 

-179 

-644 

•0667 

1^026 

(Thudichum.) 

•10 

•62 

5^53 

6 

Hungarian  . 

— 

10-35 

•49 

— 

(Lrriinn.) 

-0599 

6-567  j 

7 

Greek  white  . 

1004-2 

11-24 

•377 

-185 

•710 

8-719 

(Thudichum.) 

-19 

•95 

8-62 

8 

White  Greek 



10-45 

•51 

■ — 

— 

(Griflln.) 

-17 

•63 

9 

Greek  red 

— 

9-82 

•42 

— 

2-79 

— 

10 

(Griffin.) 
Australian  wliite  . 

989-5 

13-37 

•336 

•211 

-602 

-0525 

1-639 

1-938 

11 

(Griffin.) 
Australian  red     .  . 

1000-2 

1.3-19 

-371 

-332 

-783 

•0700 

4-055 

5-04W 

(Grimn.) 

-140 

-885 

2-337 

12 

Australian  red 

992-4 

12-12 

-710 

— 

(HassaU.) 

■146 

•992 

2  020 

13 

Australian  white  . 

995-9 

12-CO 

-790 

— 

— 

11 

(HassaU.) 
So-called  natm-al  sherry 

989-7 

14-85 

•292 

-131 

•454 

— 

1-188 

1-901 

15 

(Tliudichum.) 
Shen-ies 

993-9 

17-28 

•291 

•149 

•475 

•0187 

3-098 

4-098 

(Thudichum.) 

•055 

•458 

3-956  • 

16 

Shen-ies 

992-9 

17-89 

-390 

— 

— 

(rla.ssall.) 

•11 

•50 

3-81 

17 

Sherries 

16-91 

•36 

— 

2-803 

18 

Dry  sheiTies  . 

988-0 

16-98 

•379 

■045 

•435 

— 

— 

1.9 

Sweetened  sherries 

994-1 

18-43 

•378 

-055 

•447 

4-882 

— 

(rljussau. ; 

•396 

2-716 

20 

Deplastered  sherries 

989-5 

14-32 

•310 

-069 

— 

^  [labbtlU.^ 

•334 

5-352 

21 

Hambro'  sherries  . 

994-4 

17-85 

•275 

•047 

22 

(HassaU.) 
Imitation  sherry  . 

996  0 

16-48 

•257 

■111 

•397 

•0100 

3-603 

4-95f. 

(Thudichum.) 

•610 

6-167 

23 

Madeira 

1001-3 

10-12 

•S28 

•071 

24 

(HassaU.) 
Marsala 

999-5 

16-38 

•241 

•117 

•389 

3-572 

8-007 

25 

(Thudichum.) 
Port     .      .      •  • 

999-5 

17-73 

•271 

-122 

•424 

•0150 

4-234 

6^607 

2i> 

(Thudichum.) 
Ports    .      .      •  - 

19-22 

•30 

-07 

•309 

5  90 

'  27 

(Griffin.; 
Ports    .      .      .  • 
(HassaU.) 

1  992-2 

12-08 

•556 

•048 

•616 

2-778 
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Averages  of  the  Analyses  of  Wine— (continued). 


Grape  Sugar. 

Bitartrate  of 
Potash. 

1 

Ash. 

^  c 

.■Sn 

S  P- 

3> 

^  at 
^  ? 

c 
ca 

Phosphoric  Acid. 

1 

Phosphoric  Acid  in 
soluble  nnrt  nf  asth 

Alcohol  in  Ethers, 
fixed. 

Alcohol  in  Ethers, 
volatile. 

Alcohol  found  in 
Ethers,  expn  ssed 
in  per  cents,  of 
Alcohol  calcula- 
ted in  Kthpra 

Sulphuric  Acid. 

Cane  Sugar. 

No. 

•310 

0-079 

•182 

•02S 

■025 

•0190 

■0258 

96^0 



— 

•088 

•197 

-024 

■03] 

•015 

AT 

■0232 

65^7 



— 

If 

2-2SO 

0-081 

"223 

-044 

■031 

•016 

•02oO 

i9'2 

3 

-122 

•192 

-054 

-035 

•015 

77^6 

— 

4 

•047 

•189 

-025 

vol 

•m  7 

■0174 

•0272 

73^8 

— 

— 

K 
O 

3^20 

I  •as 

-07 

— 

— 

— 

a 

D 

6-171 

— 

•348 

•47 

•032 

"019 

■0214 

80^5 

— 

7-04 

— 

-34 

•09 

— • 

— 

— 

none. 

— 

-25 

•09 

■ 

— 

— 

9 

•183 

— 

•234 

•031 

-012 

■012 

Ulby 

[  "0389 

83^5 

— 

— 

2-642 

— 

•266 

-038 

•024 

■015 

■0379 

72-6 

— 

— 

1  1 

i  X. 

•076 

•058 

•253 

Vlo 

•035 

— 

— 

— 

12 

•012 

-087 

•188 

Vol 

•066 

— 

— 

13 

•119 

•481 

uuy 

— 

— 

14 

1-796 

•529 

•  AT  O 

-022 

"016 

■0279 

■0363 

88-7 

— 

— 

XO 

L'-043 



-437 

•023 

•141 

^  ft 

1-81 

— 

•38 

•OR 

— 

— 

— 

— 

J.  / 

9-34 

•567 

•027 

•022 

•136 

1  (3 
lo 

1-743 

•448 

•010 

-022 

•181 

1-267 

19 

1-309 

•2G8 

•089 

•026 

•031 

20 

4-483 

•171 

•014 

•026 

-869 

2-230 

•327 

-028 

-027 

•015 

22 

3.000 

•345 

-049 

-076 

•133 

23 

J-7.50 

•.311 

•021 

•024 

•010 

0294 

•0202 

99-5 

24 

8  .332 

•237 

■67 

•51 

•024 

0303 

0239 

86-9 

35 

4-38 

•35 

10 

_  . 

26 

•669 

i 
1 

•247 

084 

035 

•032 

7 
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The  Extractives. 

The  term  extractives  is  sometimes  applied  to  the  whole  of  the  resi- 
due obtained  on  the  evaporation  of  a  given  quantity  of  wine ;  mure 
correctly,  however,  it  includes  only  certain  undetermined  matters,  about 
which  but  little  is  known  ;  that  is  to  say,  to  the  residue  left  after  the 
subtraction  of  all  the  known  and  easily  determined  non-volatile  con- 
stituents, the  sugar  and  mineral  matters.  Thus  limited,  however,  the 
residue  would  still  include  certain  well-known  constituents,  the  deter- 
mination of  which  is  capable  of  being  eftected  only  with  difficidty  :  as, 
tannin,  dextrin,  colom-ing  matter,  &c. 

To  some  small  extent  the  extractives  proper  afford  indications 
wherebv  the  quality  and  genuineness  of  wines  may  be  determined; 
thus,  in  dry  wines  the  extractive  matters  form  a  very  considerable  por- 
tion of  the  total  solids;  but  in  saccharine  ^vines  the  amount  is,  of 
course,  far  less  relatively  to  the  sugar  than  in  the  former  class  of  wines  ; 
while,  lastly,  in  factitious  wines,  those  made,  as  is  some  so-called 
sherry,  from  very  weak  wines,  which  consist  chiefly  of  water,  spirit, 
and  sugar,  the  extractives  are  reduced  to  a  minimum. 

Total  Solids. 

The  total  solids  of  a  wine  consist  of  all  those  substances  which  re- 
main after  evaporation  on  a  water-bath ;  as  the  sugar,  gum,  tannin, 
extractive  matters  proper,  salts,  &c.  They  do  not,  therefore,  include 
the  volatile  constituents  of  a  wine,  the  alcohol,  ethers,  or. volatile  acids, 
especially  acetic  acid. 

ATERA.GE  COMTOSITION  OP  WINE. 

Having  thus  treated  separately  of  all  the  chief  compounds  of  wine, 
we  will  no"w  proceed  to  give  the  mean  analyses  of  some  of  the  principal 
varieties  of  wine  calculated  from  tlie  analyses  of  Thudichum  and 
Dupre,  Griffin,  and  from  om-  own  analyses.  These  will  be  found  very 
useful  for  reference. 

THE  ANALYSIS  OF  WINE. 

Estimation  of  Sugar. 

There  are  two  methods  usually  employed  for  the  estimation^  of 
sugar  in  wine,  namely,  the  chemical  and  the  optical.  We' shall  describe 
only  the  former  method  on  the  present  occasion. 

The  chemical  method  consists  in  the  employment  of  an  alkahne 
solution  of  a  salt  of  copper. 

The  copper  solution  is  prepared  as  follows : — 

Dissolve  exactly  34-639  grm.  of  pure  crystallised  sulphate  of  copper, 
which  has  been  perfectly  freed  from  every  trace  of  moisture  by  pressing 
between  blotting-paper,  in  about  200  cc.  of  water  Dissolve  irt 
another  vessel  173  grm.  of  pure  Rochelle  salt  (tartrate  of  soda  and 
potassa)  in  480  cc.  of  pure  solution  of  soda  (spec.  grav.  1-14),  and 
pour  the  copper  solution  slowly  into  the  second  one,  and  dilute  the 
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ctin  0%fS  «°l^^ti°^t««ffy  1,000  cc;  10  cc.  of  this  solution 
contain  0  34639  grm.  of  sulphate  of  copper,  capable  of  decomposing 
0  050  _o.rm  of  grape  sugar.  The  solution  shoiUd  be  kept  in  a  dirk 
place  in  well-corked  bottles.  F   in  a,  aarK 

The  wine  should  be  diluted  to  such  an  extent  that  it  contains  about 
5  per  cent  of  sugar ;  m  most  cases  50  cc.  of  wine  and  200  cc  of 
water  will  be  the  right  proportion ;  this  varying,  of  course,  w^th  the 
wines  of  different  countries.    If  the  wine  be  of  dark  colom- in  the 

rnr/c&f.""^^  -^t^  Po-deJed 

The  estimation  is  effected  in  the  following  way :— Measure  exuotW 
r-/^  """IW''  ^  '^^^        or^orLlairbLTdrte  it 

Z\^'°^      .T-  °  A  to  boiliS.\S  keep 

*  .^fl  ^H-f 7  ^™"°g--  Add  now  from  a  biu-ette,  gmduated  in 
50  cc   the  dilute  wme  m  small  quantities.    The  Hquid  appears  aftlr 

r"d    Xft^  ?  -^^^'^"^l'  graduaCperfec^ 

red.    After  a  few  minutes'  heating,  the  precipitate,  consistina-  of 

SS'l?'^''^''.'f**^  i°,^o«t  cases  very  easily,  and  the  coS  of  the 
.9^".f  adily  be  observed.    Continue  adding  the  wine  as  lon^ 
as  the  hqmd  appears  blue,    [n  this  manner  the  point  of  sSmtion  c«f 
be  observed  with  sufBcient  accuracy,  if  the  winei  of  iSt  colo  °  Tf 
not,  a  smaU  quantity  of  the  liquid  shoiUd  be  filtered  into  a  test  tube 
and  a  drop  or  two  of  the  wine  added  to  it  and  boiled     If  no  mo;e  ed 
precipitate  or  tm-bidity  appears,  the  reaction  is  finished  :  k°t  i?a  doubt 
IS  still  entertained,  and  the  point  of  the  disappearance  of^he  blue  colour 
be  uncertain,  a  drop  of  ferrocyanide  of  potassium  and  Tftw  drop  of 
acetac  acid  may  be  added  to  the  liquid  in  the  test-tube  whe7  f  a 
corerirsX  it  \r'""  -m^^yt  is  manifest  that  th";e  i;  il 
raTsig^^^^^^^^^^^^  O-OSgrm.  of 

The  same  process  is  employed  for  the  estimation  of  cane  sua-ar  aftpr 
ts  conversion  mto_ glucose  in  the  usual  manner.    Sometimesle  nu«n 

uuwjj,  ^^uo  paits  ot  the  oxide  corresponding  to  100  narts  of  «,io-nT. 

•  bVli^^d"^  tilftt  tfte'^  ''■fT'r  '"Stfr  Xe 

1  length' of  timet'tL'tld's^f^^^^^^^^  -7 
■and  thus  the  estimation  wiK  ren'dererval^^^^  w^^'i  dissolved, 

:  that  the  boiling all.-aline  solutL  Solves  J  ve  t  ^^  rn'^' 
of  cellulose  from  the  filter,  and  The  resurthus  n^^^ 
';quite  inaccurate  ;  hence  it  is  safest  in  all         +      .-"^  frequently 
vvolumetricaUy.  "^^^^  *°  estimate  the  sugar 

Other  methods  have  been  devised  for  thf>  flptor.rv,^„„+-  f 
las  by  its  conversion  into  carbonic  acid  and  «^nl  i      ?.V°°  °- 
•of  either  the  acid  or  the  alcohol,  Tut  tSs  ifff,  ''*T*^".° 
an  the  estimation  of  sugar  in  wiL  md  lZt^-l'-  employed 
enter  into  any  description  of  it  iu^ifar^^L^y^r 
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Alcohol  Tables. 


•9942 
1 
0 

•9939 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9929 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9919 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9909 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9899 
8 


£3 

2  S  bp 

S  & 

5  9 
"il 

9  -= 


3^20 
3^26 
3^32 
3-37 
3^43 
3^49 
3-55 
3-61 
3-67 
373 
3^78 
3^84 

3-  90 
3^96 

4-  02 
4^08 
4^14 
4^20 
4^27 
4^33 
4-'^9 
4^46 
4^5 1 
4^57 
4^64 
4^70 
4^76 
4-82 

4-  88 
4^94 

5-  01 
5-07 
5^1 3 
.^•20 
5-26 
5^32 
5-39 
5^45 
5^51 
5-58 
5-64 
5-70 
^•77 
5^83 
5^85 


4^00 
4-07 
4^14 
4^21 
4-28 
4^36 
4^43 
4^50 
4^57 
4-64 
4^71 
4^78 

4-  86 
4^93 
5^00 
5^08 
5^1 5 
^•23 

5-  31 
5-38 
5-46 
5^54 
5^62 

5-  69 
6^77 
fi-83 

6-  92 
6-00 
6  08 
6^15 
6'23 
6-31 
6-38 
6-46 
6^54 
6.62 
6^69 
6^77 
6^85 

6-  92 
7^00 
7^08 

7-  17 
7^25 
7^33 


Percentage  of 
Proof  Spirit. 

Specific  Gravity 
at  15-6°  C. 

Absolute 
Alcohol  per  cent, 
by  weight. 

702 

•9897 

5^96 

7^16 

6 

6^02 

7^29 

5 

609 

7-40 

4 

6^15 

7^53 

3 

6^22 

7-66 

2 

6^29 

7-79 

1 

6^35 

7^92 

0 

6^42 

8-05 

•9889 

6^49 

8^1 8 

8 

6^55 

8-29 

7 

6^62 

8-42 

6 

6^69 

8-55 

5 

^•75 

8^68 

4 

6^82 

8-81 

3 

6  89 

8-94 

2 

6-95 

907 

1 

7-02 

9-20 

0 

7-09 

9^36 

•9879 

7-16 

9-49 

8 

7^23 

9-62 

7 

7^30 

9^75 

6 

7-37 

9^88 

6 

7^43 

10-01 

4 

7-50 

10-16 

3 

7^57 

10-29 

2 

7-64 

10-42 

1 

III 

10-55 

0 

7-78 

10-68 

•0869 

7^85 

10-81 

8 

7^92 

10'9fi 

7 

7-99 

11-09 

6 

8-06 

11-22 

5 

8^13 

11-38 

4 

8^20 

11-51 

3 

8^27 

11-64 

2 

8^34 

11-79 

1 

8^41 

11-92 

0 

8-48 

12-05 

•9859 

8-55 

12-20 

8 

8-62 

12-33 

7 

8-70 

12-46 

6 

8^77 

12-(il 

5 

8-84 

12^74 

4 

8-91 

12-87 

3 

8-98 

c 

o  S  o 

■s  s 

> 

8-° 


7-42 
7-50 
7-58 
7^66 
7-75 

7-  83 
7^91 

8-  00 
8-08 
8-17 
8-25 
8-33 
8-42 
8-50 
8-58 
8-66 
8-75 
8-83 

8-  91 

9-  00 
9-08 
9-17 
9-25 
9-33 
9-42 
9-50 
9-58 

9-  66 
9-75. 
9-83 

9-  91 

10-  00 
10-08 
10-17 
10-25. 
10-33 

10-  42 
10-50 
10-58 
10-66 
10-75 
10-83 

10-  91 

11-  00 
11-09 


o  •« 

S  o 


13-02 
13-15 
13^S0 
13-43 
13-59 
13-74 

13-  87 

14-  02 
14-17 
14-30 
14-45 
14-60 
14-73 

14-  88 

15-  03 
15-16 
1.5^31 
15-47 
15-62 
15-77 

15-  92 

16-  07 
16-20 
16-35 
16-50 
16-65 
16-80 

16-  95 

17-  10 
17-26 
17-41 
17-56 
17-71 

17-  86 

18-  01 
18-16 
18-31 
18-46 
18-61 
18-76 

18-  93 

19-  08 
19-23 
19-38 
19-54 
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go 
OS, 


•9852 
1 
0 

•9849 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9839 
8 
7 
C 
5 
4 
3 
2 
1 
0 

•9829 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9819 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9809 
8 


<1>  . 

3  S  bp 
o  ^'S 


«  "  s 


9-05 
9^12 
9-20 
9^27 
9-34 
9^41 
9^49 
9-56 
9^63 
9^70 
9-78 
9^85 
9-92 
9-99 
10-07 
10'16 
10^26 
10^35 
10^44 
10^54 
10-63 
10-72 
10-81 

10-  91 
•  11-00 

11-  08 
11-16 
11-23 
11^31 
11-39 
11^46 
11-54 
11-62 
11-69 
11-77 
11-85 

11-  92 

12-  00 
12-08 
12-15 
12-28 
12-31 
1-2-39 
12-46 
12-64 


S 


P4 


11-18 
11-27 
11-36 
1145 
11-56 
11-64 
11-73 
11-82 

11-  91 

12-  00 
12-09 
12-18 
12-27 
12-36 
12-45 
12-56 
12-64 
12-73 
12-82 

12-  91 

13-  00 
13^09 
13-18 
13-27 
13-36 
13-46 
13-65 
13-64 
13-73 
13-82 

13-  91 

14-  00 
14-10 
14-20 
14^30 
14-40 
14-50 
14-60 
14-70 
14-80 

14-  90 

15-  00 

15-  09 

16-  18 
16-27 


19^69 

19-  84 

20-  01 
20-16 
20-31 
20-46 
20-63 
20-78 

20-  93 

21-  08 
21-25 
21-40 
21-55 
21-70 

21-  87 

22-  07 
22-27 
22-47 
22-67 

22-  87 

23-  07 
23-27 
23-47 
23-67 

23-  87 

24-  04 
24-20 
24-36 
24-52 
24-68 

24-  84 

25-  01 
25-17 

25-  34 
25^60 
26^66 
26^83 

26-  00 
26-16 
26-33 
26-49 
26-66 
26-82 

26-  98 

27-  16 

3 


So 


P. 


•9807 
6 
5 
4 
3 
2 
1 
0 

•9799 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9789 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9779 

8 
7 
6 
5 
4 
3 
2 
1 
0 

•9769 
8 
7 
6 
5 
4 
3 


o  • 


12-62 
12-69 
12-77 
12-86 

12-  92 

13-  00 
13-08 
13-15 
13-23 
13-31 
13^39 
13^46 
13-54 
13-62 
13-69 
13-77 
13-85 

13-  92 
1400 

14-  08 
14-17 
14-25 
14-33 
14-42 
14-50 
14-58 
14-66 
14-75 
14-83 

14-  91 

15-  00 
15-08 
15-17 

15-  25 

16-  33 
15-42 
15-50 
15-58 

15-  66 
15^75 
16^83 
15^91 

16-  00 
16-08 
16-17 


o  3  o 

P  O  3 

o  »| 


15-36 

15-  46 

16-  65 
15-64 

15-  73 

16-  82 

15-  91 

16-  00 
16-10 
16-20 
16-30 
16-40 
16-50 
16-60 
16-70 
16-80 

16-  90 

17-  00 
17-10 
17-20 
17-30 
17-40 
17-60 
17-60 
17-70 
17-80 

17-  90 

18-  00 
18-10 
18-20 
18-30 
18-40 
18-50 
18-60 
18-70 
18-80 

18-  90 
19  00 

19-  10 
19-20 
19-30 
19-40 
19-50 
ly-60 
19-70 


0  «M 


27-31 
27-48 
27-64 
27-80 

27-  97 

28-  13 
28-29 
28-46 
28-62 
28-79 

28-  96 

29-  11 
29-29 
29-44 
29-61 
29-77 

29-  93 

30-  10 
30-26 
30-45 
30-64 

30-  84 

31-  03 
31-22 
31-41 
31^60. 
31-79 

31-  99 

32-  18 
32-38 
32-66 
32-73 

32-  91 

33-  08 
33-26 
33-43 
33-61 
33-78 

33-  96 

34-  14 
34-32 
34-60 
34-66 
34-82 
34-97 
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I 

u  a 
•It 

s. 


o 


•9762 
I 
0 

r9759 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9749 
8 
7 

6 
5 
4 
3 
2 
1 
0 

•9739 

8 
7 
6 
5 
4 
3 
2 
1 
0 

•9729 

8 
7 
6 
5 
4 
3 
2 
1 
0 

•9719 
8 


1^^ 


16-25 
16-33 
16-42 
16-50 
16-58 
16-66 
16-75 
16-83 

16-  91 

17-  00 
17'08 
17-17 
17-25 
17-33 
17-42 
17^50 
17^58 
i^66 
17-75 

17-  83 
1791 

18-  00 
18-08 
18-15 
18-23 
18-31 
18-38 
18-46 
18-54 
18-62 
18-69 
18-77 
18-85 

18-  92 

19-  00 
19-08 
19-17 
19-25 
19-33 
19-42 
19-50 
19-58 
19-66 
19-75 
19-83 


19-80 

19-  90 

20-  00 
20-10 
20-20 
20-30 
20-40 
20-50 
20-60 
20-70 
20-80 

20-  90 

21-  00 
21-10 
21-20 
21-30 
21-40 
21-50 
21-60 
21-70 
21-80 

21-  90 

22-  00 
22-09 
22-18 
22-27 
22-36 
22-45 
22-54 
22-64 
22-73 
22-82 

22-  91 

23-  00 
23-10 
23-20 
23-30 
23-40 
23-50 
23*60 
23-70 
23-80 

23-  90 
24  00 

24-  10 


35-14 
85-30 
35-46 
35-62 
35-77 

35-  95 

36-  11 
36-27 
36-43 
36-61 
36-78 

36-  96 

37-  13 
37-31 
37-48 
37-66 

37-  83 

38-  01 
38-18 
38-36 
38-53 
38.71 

38-  87 

39-  03 
39-19 
89-35 
39-51 
39-67 

39-  83 

40-  00 
40-16 
40-32 
40-48 
40-64 
40-81 

40-  98 

41-  16 
41-33 
41-51 
41-68 

41-  85 

42-  03 
42-20 
42-88 
42-55 


id 

IC3  I— ' 


P. 

m 


•9717 

6 
5 
4 
3 
2 
1 
0 

•9709 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9699 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9689 
8 
7 
6 
5 
4 
3 
2 
1 
0 

•9679 
8 
7 
6 
5 
4 
3 


^  2 


19-  91 

20-  00 
20-08 
20-17 
20-25 
20-33 
20-42 
20-50 
20-58 
20-66 
20-75 
20-83 

20-  91 

21-  00 
21-08 
21-15 
21-23 
21-31 
21-38 
21-46 
21-54 
21-62 
21-69 
21-77 
21-85 

21-  91 

22-  00 
22-08 
22-15 
22-23 

22-  31 

23-  38 
22-46 
22^54 
22^62 
22-69 
22-77 
22-85 

22-  91 

23-  00 
23-08 
28-16 
23^23 
23^31 
23^38 


082 

53  0)  S 

Bo  > 


24-20 
24-30 
24-40 
24-50 

24-  60 
24^70 
24^80 
24^90 

25-  00 
25-09 
25-18 
25-27 
25-36 
25-45 
25-54 
25-64 
25-73 
25-82 

25-  91 

26-  00 
26-10 
26-20 
26-30 
26-40 
26^50 
26-60 
26-70 
26-80 

26-  90 

27-  00 
27-09 
27-18 
27-27 
27-36 
27-45 
27-55 
27-64 
27-73 
27-82 

27-  91 

28-  00 
28-09 
28-18 
28-27 
28-36 


2  2 


42-73 

42-  90 

43-  07 
43-25 
43-42 
43-60 
43-77 

43-  94 

44-  12 
44-29 
44-46 
44-63 
44-81 

44-  99 

45-  15 
45-31 
45-47 
45-63 
45-79 

45-  95 

46-  11 
46-27 
46-43 
46-59 
46-76 

46-  92 

47-  07 
47-23 
47-39 
47-55 
47-71 

47-  87 

48-  03 
48-19 
48-35 
48-51 
48-67 
48-83 

48-  99 

49-  15 
4931 
49-47 
49-63 
49-78 
49-94 
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So 

a 
CO 


.9672 
1 
0 

•9669 
8 
7 
6 
5 
4 
3 
2 
1 


-is  .X) 
_S  S  60 

"o  ^'3 

to  ^  te 
o  ;a 


23-46 
23-54 
23-62 
23-69 
23-77 
23-85 

23-  91 

24-  00 
24-08 
24-15 
24-23 
24-31 


3  n  g 
■3  P.| 

X2  O  > 


28-45 
28-65 
28-64 
28-73 
28-82 

28-  91 

29-  00 
29-09 
29-18 
29-27 
29-36 
29-45 


-w  CO 


50-10 
50-25 
50-41 
50-57 
50-73 

50-  89 

51-  05 
51-21 
51-37 
51-53 
51-69 
51-85 


V  . 

so 

O  «3 

p. 

CO 


0 

•9659 
8 
7 
6 
5 
4 
3 
2 

•91984 


Absolute 
Alcobol  per  cent, 
by  weight. 

Absolute 
Alcohol  per  cent, 
by  volume. 

Percentage  of 
Proof  Spirit. 

24^38 

29-55 

52-01 

24^46 

29^64 

52-16 

24-54 

29^73 

52-32 

24^62 

29-82 

52-48 

24^69 

29-91 

52-64 

24-77 

30^00 

52-80 

24-85 

30^08 

62-96 

24-91 

30^17 

53-12 

25-00 

30^25 

53-28 

Proof 

Spirit. 

49-24 

57^06 

100 

Determination  of  Glyceiin. 

nf  t^^^''"°^f """^V^  of  Pastern-  for  the  determination 
of  the  glycerin  of  wme  resulting  from  the  transformation  of  a  poSon 
of  the  sug-ar  consequent  on  fermentation :—  puinon 

thp  ^Z}^^  ^  ""l  "^"^  g-rammes  of  animal  charcoal  are  added  • 
the  mixtm-e  is  to  be  frequently  shaken,  and  after  twenty-four  hom-s  the 
charcoal  IS  separated  by  filtration.    It  is  now  to  be  w^ll  ^shed  w  fh 

■  200  cr  Tt'itl*^'  'I      ^  «^^P«rated  on  a  water-bath  io 

■  ^UU  cc.    It  is  then  neutralised  with  milk  of  lime  evannrflfprl  ri^ 
ness  and  the  residue  treated  with  a  mixture  of  tTo  parKf  ether  a?d 

I  oneofalcohol    This  solution,  which  may  contain  frurs^ar 'r^o 

i  S;  w:i:hlr'^*''  ^'^^  "^''^  ^-^^^  ~  «^pKc  add^d 

Estimation  of  Alcohol. 
5f'™«''*'^i|as  the  proposed  methods  for  estimating  alcohol  are  there 
are  but  very  few  which  give  exact  and  easily  obtainable  result!  Th^ 

tTat  trr"^?  ^  '^^^'^'^  ^''^-^  i«  batd  f'n  tiie  let 

that  the  specific  gravity  of  a  mixture  of  alcohol  and  wate?  has  a  verv 

itSJi  '°  '^^^^^^  inT  Alcohol  2 

all  th.  o     T*^''      specific  gravity  of  absolute  alcohol  being  0  792 

tXi    \:  '  \  ^P^"^'^^  ^^^^  ^ater.    With  very  2i-eat  care 

'SturLTflrobT'*r*1  ^^^"^^^^^  spedfi^J^'Ls  ?f 
Sd  Sn/  ^^*^^5  so  that,  the  gravity  of  an  alcoholic 

•Si^  r^""'  percentage  of  absolute  alcohol  contained  in  it 
■can  directly  be  seen  from  those  tables.  lu  ii, 

3  B  2 
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The  preceding  tables  are  taken  from  Thudichum  and  Dupr^'s  work 
before  referred  to. 

The  alcoholic  liquid,  the  specific  gravity  of  which  is  to  ba  esti- 
mated, must  of  com-se  be  freed  fi-om  the  solid  matters  found  in  the 
wine,  which  is  easily  effected  by  simple  distillation.  Measure  a  certain 
quantity  of  wine,  conveniently  100  cc,  render  it  .slightly  alkaline  by 
addition  of  caustic  soda  solution,  in  order  to  fix  the  volatile  acids,  add 
about  one  decigramme  of  pure  tannin  and  25  cc.  of  water,  and  boil  the 
mixture  till  the  distillate  amounts  to  about  100  cc,  or  fill  eventually 
up  with  water  to  the  volume  of  the  wine  employed.    AU  alcohoMs 
now  in  the  distillate,  mixed  with  water,  and  only  very  small  quantities 
of  the  difterent  ethers,  which  give  to  the  wine  its  flavour.    It  is  not 
advisable  to  distil  less  than  three-fourths  of  the  voliune  of  the  wine, 
since  the  last  traces  of  alcohol  volatilise  only  with  difficulty.  Some 
authors  distil  no  more  than  about  one-half,  or  even  less,  which  is  de- 
cidedly too  little.    Having  now  obtained  the  alcoholic  liquid,  its 
specific  gravity  is  to  be  estimated,  which  may  be  done  in  various  ways, 
but  most  accm-ately  by  the  use  of  the  '  specific  gra\ity  bottle.'    This  is 
a  little  glass  flask,"  holding  about  20  to  40  cc,  pro\'ided  with  a  perfo- 
rated glass  stopper,  or  a  small  thermometer  as  stopper.  The  bottle  must 
be  first  weighed,  then  filled  with  pure  distilled  water  of  15-_5°  0.  The 
difference  between  the  two  weights  is  of  course  the  weight  of  the 
water  contained  in  the  bottle.    The  bottle  is  then  rinsed  out  with  the 
alcoholic  liquid,  the  specific  gravity  of  which  is  to  be  taken  at  a 
temperature  of  15-5°  0.,  and  the  weight  determined.    The  weight  of 
the  alcohol,  divided  by  that  of  the  water,  gives  the  specific  gravity 
of  the  liquid  at  15-5°  0.    The  same  process  holds  good  for  the  deter- 
mination of  the  specific  gi-avity  of  all  other  liquids.    A  glance  at  the 
table  given  above  shows  the  percentage  of  alcohol  contained  in  the 
wine.   It  is  most  convenient  to  express  the  amount  of  alcohol  in  parts 
by  weight  in  volumes  of  wine. 

There  are  three  cases  which  may  occur : — 

(I.)  The  icine  em2}loyed,  and  the  distillate  obtained,  have  been 
measured.  _  . 

1.  Required  percentage  of  alcohol  by  weight  in  weight  of  wine.-- 
Multiply  percentage  by  weight  given  in  the  tables  by  the  specific 
gravity  of  the  distillate,  and  divide  by  the  specific  gravity  of  the  wine. 

2.  "Required  percentage  of  alcohol  by  weight  in  volume  of  wine.— 
Multiply  percentage  by  weight  of  distillate  by  the  specific  gi-avity  of 
distillate. 

(II.)  The  ioine  and  the  distillate  have  both  been  xveighed. 

1.  Required  percentage  of  alcohol  bv  volume  in  volume  of  wine.— - 
Multiply  percentage  by  volume  of  distillate  by  the  specific  gTavity  of 
the  wine,  and  divide  by  the  specific  gravity  of  the  distillate.  _ 

2.  Required  percentage  of  alcohol,  by  weight  in  volume  of  wipe- 
Multiply  percentage  by  weight  of  distillate,  by  the  specific  gravity  of 
the  wine. 
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3.  Requii-ed  percentage  of  alcohol  by  -weight  in  weight  of  wine.  

These  numbers  are  given  in  the  tables. 

(III.)  The  wine  has  been  measured,  the  distillate  weighed. — The 
percentage  of  alcohol  is  directly  given  by  the  alcohol  tables. 

Of  other  methods  for  the  estimation  of  alcohol  in  wine  we  mention 
the  following  ;  but  for  a  more  elaborate  description  of  them  we  must 
refer  the  reader  to  works  specially  treating  of  the  subject. 

Estimation  foimded  upon  the  boiling-points  of  mixtures  of  alcohol 
and  water. 

Estimation  founded  upon  the  expansion  of  alcoholic  liquids  ;  and 
lastly,  estmiation  founded  upon  the  tension  of  the  vapour  of  the  liquid, 
beveral  ingenious  apparatus  have  been  constructed  upon  the  above- 
mentioned  principles. 

These  methods  require  the  gi-eatest  possible  care,  and  are  very 
liable  to  error.  With  heavy  wines  the  best  process  is  that  bv  dis- 
tillation, and  next,  Balling's  plan,  which  can  be  completed  in  the  least 
time. 

Estimation  of  Alcohol  by  conversion  into  Acetic  Acid. 

_  This  method  is  only  applicable  to  alcoholic  liquids  containino- 
mmute  quantities  of  alcohol,  where  its  determination  with  acciu-acy  by 
the  specific  gi-avity  test  would  be  impossible.  The  alcohol  is  converted 
into  acetic  acid  by  heating  it  in  a  strong  closed  flask,  with  a  mixture 
ot  a  solution  of  bichromate  of  potash  and  sulphuric  acid.  The  acetic 
acid  formed  by  the  oxidation  of  the  alcohol  is  distilled  over  and  esti- 
mated by  means  of  standard  soda  solution  in  the  usual  way  Of 
course  care  must  be  taken  to  add  sufficient  bichromate  to  oxidise  aU 
alcohol  present.  One  equivalent  of  alcohol,  O^H^O,  corresponds  to  one 
equivalent  of  acetic  acid,  0,H,0„  or  46  parts  alcohol  are  equal  to  60 
parts  01  acetic  acid. 


Betermination  of  Alcohol  by  Specific  Gravity  of  dealcoholised  Wine. 
If  a  measured  quantity  of  wine  be  boiled  down  to  about  one-fourth 
ot  its  bulk  and  then  filled  up  again  with  distiUed  water  to  the  volume 
employed,  the  specific  gi-avity  of  the  liquid  must  of  necessitv  be  hio-her 
than  the  specific  gravity  of  the  original  wine,  smce  aU  alcohorhas 
been  driven  away,  and  only  the  non-volatile  constituents  have  been 
left.  AU  these  latter  have  a  higher  specific  gravity  than  water ;  the 
specific  gravity  of  their  solution  must,  therefore,  also  be  higher  than 
Sit  «P^«i^i«  f^^-ity  of  water.  It  has  been  proved  by  BaUing  and 
others  that  the  specific  p-avity  of  the  dealcoholised  wine  gives  Sretty 
accurately  the  amount  of  total  solids,  if  we  consider  the  liquid  to  bi 
a  solution  of  pure  cane  sugar  only,  and  the  difierence  of  the  specific 
gravities  will  give  us  the  amount  of  alcohol  driven  off"  by  boiling  The 
amount  of  volatile  ethers,  aldehydes,  &c.,  is  so  smaU  as  not  to  interfere 
practically  with  the  accuracy  of  the  determination. 
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The  principle  involved  is,  tliat  the  specific  gravity  of  a  dilute  alcohol 
multiplied  hy  the  specific  gravity  of  a  solution  of  cane  sugar  gives  the 
specific  gravity  of  the  mixed  fluids ;  and  the  specific  gi-avity  of  the 
mixtm-e"  divided  hy  the  specific  gra\aty  of  the  dealcoholised  liquid 
restored  to  its  original  bulk,  gives  the  specific  gravity  of  the  dilute 
alcohol,  and  hence  the  percentage  of  the  alcohol  driven  off;  or  ex- 
pressed in  formula — 

Sax  Ss  =  Sm,  and 
Sm 

Sa=  , 

Ss 

Sa  being  the  specific  gravity  of  the  diluted  alcohol,  Ss  that  of  the  sugax 
solution,  and  Sm  that  of  the  mixture. 

The  estimation  of  the  alcohol  in  a  wine  is  conducted  as  follows : — 
Take  a  measui-ed  quantity— say  100  cc,  boil  it  down  to  about  one- 
fourth,  and  add  suflicieut  water  to  the  dealcoholised  liquid  to  make  it 
up  to  its  original  bulk.  Take  its  specific  gravity  at  15-5°  0.  Divide 
the  specific  gravity  of  the  entire  wine  by  the  specific  gravity  of  the 
same  dealcoholised.    The  product  is  the  specific  gi-avity  of  the  alcohol. 

It  is  evident  that  a  certain  amount  of  error  must  be  committed  by 
the  adoption  of  this  method,  inasmuch  as  we  calculate  a  varying  mix- 
ture of  many  difterent  organic  and  inorganic  substances,  as  if  it  were 
cane  sug-ar  only,  notwithstanding  that  this  substance  is  not  present  at 
all  in  wine.  This  method  has  been  recommended  by  Balling  and 
Mulder,  and  requires  less  time  and  experience  than  any  other.  Subse- 
quent researches  by  Dr.  Ki-aft  (' Zeitschi-ift  fiii-  anal.  Ohemie  — K. 
Presenius),  however,  have  shown  that  the  time  is  gained  at  the  expense 
of  the  accuracy  of  the  determination. 


Estimation  of  Total  Free  Adds. 

The  principal  free  acids  in  wine  are  tartaric,  malic,  and  acetic 
acids.  We  shall  speak  afterwards  of  the  estimation  of  tartaric  and  malic 
acids  ;  at  present  we  have  only  to  describe  the  estimation  of  the  total 
acidity  This  is  most  easily  accomplished  by  means  of  a  standard 
soda  solution,  of  such  strength  that  1,000  cc.  of  it  neutralise  half  an 
equivalent  of  a  bibasic,  and  a  whole  equivalent  of  a  monobasic  acid. 
Such  a  solution  would  neutralise  60  grammes  of  acetic  acid,  and  75  ot 
tartaric  acid.  Measure  100  cc.  of  wine  into  a  beaker,  and  add  from 
a  o-raduated  bm-ette  the  soda  solution  imtil  the  reaction  of  the  wine 
is  perfectly  neutral,  that  is,  when  neither  blue  litmus  nor  tiirmenc 
paper  is  changed.  The  number  of  cc.  of  soda  solution  used,  multiplied 
bv  0-075  gives  the  total  free  acid  calculated  as  tartaric  acid  in  per- 
centao-es  This  estimation  is  most  conveniently  combined  _with_  the 
determination  of  the  alcohol,  just  described,  since  also  m  this  estima- 
tion the  wine  must  be  rendered  neutral,  or  even  alkahne. 


WINE  AND  ITS  ADULTEEATIONS. 


743 


Estimation  of  Volatile  Acids. 

Of  volatile  acids,  only  acetic  acid  is  present  in  estimable  quantity. 
Formic  and  propionic  acids  are  contained  in  wine,  but  not  in  such 
quantities  as  could  be  estimated  by  operating  upon  a  small  quantity  of 
wine.  The  estimation  of  acetic  acid  is  an  indu-ect  one.  100  cc.  of  the 
wine  are  boiled  down  in  a  beaker  to  about  one-fourth,  and  the  remainino- 
acid  estimated  as  just  described  above.  The  difference  of  acidity 
before  and  after  boiling  is  due  to  acetic  acid,  volatilised  by  the  heat 
employed,  while  the  amount  of  soda  solution  used  after  boiling  is 
calculated  into  tartaric  acid  as  described  above  ;  1,000  cc.  of  soda 
solution  are  equal  to  60  gi-ammes  of  acetic  acid.  It  is  commonly 
recommended  to  distil  the  wine  from  a  retort,  and  to  estimate  the 
acetic  acid  in  the  distillate.  The  objection  to  this  method  is  that  acetic 
acid  would  partly  be  volatilised  as  acetic  ether,  a  neutral  subst-ance, 
and  the  _  result  would  thus  become  too  low.  We  prefer,  therefore,  to 
avoid  this  objection  and  to  dispense  with  distillation. 

Estimation  of  Bitartrate  of  Potash. 
Bitarti-ate  of  potash  is  only  with  difficulty  soluble  in  water,  and 
nearly  insoluble  in  absolute  alcohol,  and  still  more  so  in  a  mixture  of 
alcohol  and  ether.  Upon  this  fact  the  methods  for  estimating  bitartrate 
of  potash  in  wine  are  based.  Berthelot's  method  is  commonly  em- 
ployed. Mix  20  cc.  of  wine  with  100  cc.  of  a  mixture  of  alcohol  and 
ether,  and  let  the  liquid  stand  in  a  stoppered  flask  for  two  or  thi-ee  days. 
During  this  time  nearly  all  the  cream  of  tartar  will  have  crystallised 
out,  and  may  be  collected  upon  a  weighed  filter,  dried  and  weighed. 

Estimation  of  Total  Tartaric  Acid. 
Neutralise  in  200  cc.  of  wine  about  one-fifth  of  the  total  acid  with 
caustic  potash,  add  100  cc.  of  a  mixtiu-e  of  alcohol  and  ether,  and 
allow  to  crystallise  for  48  hours;  all  tartaric  acid  will  have  separated 
m  the  form  of  bitarti-ate  of  potash.  The  difl'ereuce  between  this 
estimation  and  that  of  the  bitartrate  of  potash,  existing  naturally  in 
the  wine,  gives  the  amount  of  free  tartaric  acid,  as  acid  tartrate  of 
potash.  The  total  amount  of  acid  is  either  ascertained  from  the 
weighed  quantity  of  bitarti-ate  obtained ;  or  the  potash  salt  may  be 
dissolved  upon  the  filter  with  boiling  water,  after  having  been  washed 
with  the  mixture  of  alcohol  and  ether.  The  acidity  of  the  solution  is 
to  be  determined  by  the  standard  soda  solution.  This  gives  the 
amount  of  the  half-combined  tartaric  acid,  and  this  again  doubled 
furnishes  the  total  tartaric  acid.  A  con-ection  shoidd  be  made  for  the 
solubility  of  the  bitai-trate  of  potash  in  the  solution  employed,  namely, 
0-02  per  cent,  of  bitartrate  in  the  wine.  The  above  method  gives 
results  m  most  cases  of  sufficient  accuracy  for  practical  pm-poses, 
except  where  the  amount  of  tartaric  acid  falls  below  0-05  per  cent.  ' 
In  this  case  neither  the  aridity  of  the  precipitate,  nor  of  the  alcoholic 
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mixture,  nor  of  the  wine  itself,  can  he  estimated  within  less  than  0-1 
cc.  of  standard  soda  solution.  Another  important  source  of  error  in 
the  case  of  sherries  and  other  plastered  wines,  is  the  presence  of  sulphate 
and  chloride  of  potash  in  the  wine,  both  of  which  are  decomposed  by 
tartaric  acid  on  the  addition  of  alcohol-ether ;  the  tartaric  acid  combines 
with  the  potash,  the  sulphuric  acid  being  set  free.  A  higher  amount 
of  bitartrate  of  potash  than  is  naturally  present  in  the  wine  is  obtained 
in  such  cases. 

Estimation  of  Malic  Acid. 
A  measured  quantity  of  the  wine  (from  50  to  100  cc.)  is  rendered 
alkaline  by  means  of  lime-water,  which  precipitates  the  phosphoric  and 
tartaric  acids  as  lime  salts.    The  liquid  is  to  be  filtered,  and  to  the 
concentrated  filtrate  strong  alcohol  added,  whereby  the  malic  acid  is 
precipitated  as  malate  of  lime,  together  with  some  sulphate  of  lime. 
The  precipitate  is  collected  upon  a  weighed  filter,  dried  at  120°  G.  and 
weighed.  The  sulphuric  acid  may  now  be  estimated  in  it  by  dissolving 
in  strong  hydrochloric  acid,  and  jprecipitating  with  chloride  of  barium, 
as  has  been  more  than  once  described.    But  it  will  be  more  convenient 
and  quicker,  to  incinerate  the  precipitate  without  weighing,  and  to 
estimate  the  amount  of  carbonate  of  lime  formed  from  the  malate  of 
lime  by  the  standard  acid  mentioned  under  '  Ash  of  Wine.'    One  part 
of  carbonate  of  lime  is  equal  to  1  72  parts  of  malate  of  lime,  04H4Ca05, 
or  1'34  parts  of  malic  acid,  OJIgOj. 

Determination  of  Tannic  Acid. 
The  presence  of  tannic  acid,  and  some  idea  of  the  quantity  con- 
tained in  any  wine,  may  be  formed  by  the  black  or  ink-y  colour  pro- 
duced on  the  addition  of  a  persalt  of  iron  and  acetate  of  potash ;  the 
use  of  the  latter  reagent,  whereby  tartrate  of  potash  and  acetic  acid  are 
formed,  is  rendered  necessary  because  the  black  colour  is  not  readily 
yielded  in  the  presence  of  free  tartaric  or  malic  acids,  but  a  httle  free 
acetic  acid  does  not  interfere  with  the  reaction.  Wines  containing  as 
little  as  0-005  per  cent,  of  tannic  acid  furnish  a  very  marked  result, 
and  it  would  be  quite  easy  to  frame  a  quantitative  iron  colour  test 
which  would  furnish  results  of  considerable  accuracy. 

Another  colour  test,  nearly  equal  in  delicacy  to  the  precedmg,  is 
furnished  by  a  strongly  ammoniacal  solution  of  ferricyanide  of  potas- 
sium^ If  a  few  drops  of  such  a  solution  be  added  to  a  solution  of 
tannic  acid,  or  to  a  wine  containing  that  acid,  a  deep  blood-red 
coloration  takes  place,  the  depth  of  which  is  proportionate  to  the 
amount  of  tannin  piesent.  The  red  coloration  is  also  produced  by 
this  test  which  is  more  applicable  to  white  than  red  wines,  m  solutions 
of  aallic'  acid,  which,  however,  does  not  usually  occur  m  wine. 

Another  process  is  the  well-known  gelatin  process.    A  standard 
■  .olution  of  o-elatiu,  or  gelatin  and  alum,  is  prepared  ;  the  amount  ot 
Wn  bein<^  deduced  fromthe  quantity  of  the  solution  used,  or,  when 
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gelatin  alone  is  employed,  from  the  weight  of  the  dried  precipitate. 
It  is  unfortunate,  however,  that  a  less  quantity  of  gelatin  than  0-06 
per  cent,  is  not  determinable  in  this  manner.  There  are  few  white 
wines  with  which  solution  of  gelatin  does  not  give  rise  to  a  slight 
cloudiness,  but  in  red  wines  an  abundant  precipitate  is  produced,  con- 
sisting in  part  of  coloming  matter.  One  of  the  great  difficulties  of 
using  the  gelatin  test  volumeti-ically  is  to  determine  the  point  of 
saturation ;  in  this  particular  either  the  iron  or  fen-icyanide  of  potassium 
may  be  applied,  so  as  to  afford  help.  Another  difficulty  consists  in  the 
impossibility  of  separating  from  the  wine  the  compound  of  tannin 
and  gelatin  formed;  this  maybe  in  part  overcome  by  the  use  of  special 
hltering  arrangements,  as  by  the  apparatus  suggested  by  Mr.  Estcoui-t 
(see  '  Chemical  News,'  No.  745).  One  hundred  parts  of  gelatin  o-ive, 
with  gallotanuic  acid,  134  to  135-6  of  the  compound. 

Faure  foimd  the  following  quantities  of  tannin  in  certain  wines  by 
means  of  a  standard  gelatin  solution  :  — 

Gelatin  Solution  required  by  100  Parts  of  Wine. 

Castillon     .       .      .  6-0  cc.    1  cc.  =  0-010  gramme  of  tannin. 

i!  ronsac       ...  4-8  cc. 

Sauterne      ...        4-0  cc. 

Barsac  ....        4-5  cc. 

Carbonnieux        .      .        6-0  cc. 

Chateau  Lafitte     .       .  10-1  cc. 

„      Margau.x;       .        9-3  cc. 

Latour  ....  13-3  cc. 

Giscours       .       .       .  12-3  cc. 

St.  Estfephe  .      .       .  7-0  cc. 

In  a  solution  of  gelatin  and  water,  as  little  as  0-04  hundredths  per 
.  cent  may  be  detemmed  quantitatively  ;  but  in  wine,  as  we  have  stated, 
.  not  less  than  0-06.  This  arises  from  the  fact  that  the  gelatin  preci- 
j  pitate  IS,  to  some  extent,  soluble  in  the  wine. 

Detection  of  Racemic  Acid. 
Racemic  or  paratartaric  acid  is  obtained  usuaUyfrom  crude  tartar. 
T^""'  m^oluhle  tartrate  and 

■Zl^     !^    Tif''-  ^^"T^  ^""^  ^""^  separated.    These  are  next 
liwS  'fl?         '^^^^O^^'^'^^y  ''^^  ^^'^^'''^         racemic  acids 
pJ^il  n/  tt'  ^l^e.^  exposed  to  the  air,  crystallises,  the 

'S^oAf'^.^t^^l^S:!:^'  tranJpaiWand 
Kacemic  acid  is  less  soluble  in  water  and  alcohol  than  tartaric  acid  ; 
■one  part  of  acid  requires  5-/  parts  of  water  at  16°  0.  and  4-8  of  alcohol 
l  it  giv-es  a  precipitate  with  sulphate  of  lime,  which  tartaric  acid  does 
mot;  then,  again,  tartrate  of  ime  is  soluble  in  acetic  acid,  but  the 
ra^emate  of  the  same  base  is  insoluble.  It  crystallises  in  double 
^obhque  rhombic  prisms  without  hemihedric  faces.  Kacemic  acid  has 
►no  action  on  polarised  light. 
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Detection  of  Smcinic  Acid. 
Half  a  litre  of  wine  is  shaken  up  with  40  grammes  of  animal 
charcoal,  and  after  decolorisation  the  charcoal  is  to  be  well  washed 
with  cold  water.  The  iiltrate  and  washings  are  to  be  evaporated 
on  a  water-bath,  nearly  to  dryness,  the  ch-ying  being  finished  under 
the  air-pump  The  residue  is  then  to  be  treated  repeatedly  with 
one  part  of  alcohol  of  from  90  to  92  per  cent,  strength,  and  two 
and  a  half  parts  of  ether.  The  solution  is  evaporated,  the  residue 
exactly  neutralised  with  lime-water,  and  again  evaporated  to  drj-ness 
on  a  water-bath;  the  glycerin  is  then  extracted  with  a  mixture  ot 
ether  and  alcohol.  The  residuum  is  chieEy  succinate  of  calcium,  which 
may  be  obtained  in  nearly  a  pm-e  state  by  extraction  with  alcohol 
ct)ntaining  89  per  cent,  of  spirit.  ,  -,  j  •   o  o  +• 

Succinic  acid  is  soluble  in  6  parts  of  water  at  16  0.  and  ml-J,  ot 
boiliuff  water:  it  is  rather  less  soluble  in  alcohol,  shghtly  soluble  in 
ether  f  sublimates  at  140°,  melts  at  180°,  and  boHs  at  235°  0. ;  it  may 
be  heated  with  nitric,  hydrochloric,  and  sulphuric  acids,  and  aqueous 
solution  of  chromic  acid  without  decomposition,  ihe  salts  ot  the 
alkalies  are  soluble,  those  of  the  alkaline  earths  are  insoluble,  or  with 
difficulty  soluble  in  water.  A  solution  of  a  neutral  succinate  oi  an 
alkali  gives  with  a  neutral  solution  of  a  ferric  salt  a  gelatmous  red- 
brown  precipitate  of  basic  succinate  of  ii-on.  It  crystaUises  m  rhombic 
or  six-sided  plates  or  prisms. 

Detection  of  Formic  Acid. 
Distil  the  wine  ;  neuti-alise  the  distillate  with  ammonia,  evaporate 
to  dryness,  dissolve  the  residue  in  water,  add  a  drop  of  nitrate  of  silver 
and  boil.  If  formic  acid  be  present,  a  thickish  brown  precipitate  ot 
metallic  silver  will  be  produced.  Should  the  quantity  ot  formic  acid 
present  be  veiy  small,  the  greater  part  oi  the  acetic  acid  must  be 
removed  by  fractional  distillation. 

Estimation  of  Ethers  in  Wine. 
Wine  contains  two  classes  of  ethei-s— volatile  and  fixed.  The  ethers 
are  oro-anic  salts,  and  are  decomposed  by  solution  of  caustic  potash 
iuto  alcohol  and  a  salt  of  potash,  acetate,  propionate,  or  tartrate,  as 

^^'^S^Sl'e'ethers  are  first  separated  from  the  fixed  by  distillation 
250  cc.  are  to  be  taken  and  about  200  cc.  distilled  over.  The  Iree  acid 
in  the  distillate  is  then  exactly  neutralised  by  means  of  soda  sohition 
and  a  measured  quantity  of  standard  soda  solution  added  to  the  liquid, 
whichTs  introduced  into  a  tiask,  and  is  then  closed  with  a  well-htting 
Tork  and  heated  for  one  or  two  hours.  The  ethers  are  decomposed, 
and  some  of  the  caustic  soda  neutraUsed  by  the  acids  of  the  ethers. 
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The  remaining  caustic  soda  is  estimated  by  means  of  standard  sulphuric 
acid  sokition,  and  the  amount  of  soda  which  was  fii"st  neutralised  is 
calculated  for  acetic  ether,  which  is  the  chief  of  the  volatile  ethers. 

l.heji.vecl  ethers  are  estimated  by  a  similar  process,  but  the  presence 
ot  the  organic  nitrogenous  matters  makes  the  estimation  more  dilBcult 
since  the  action  of  the  caustic  soda  upon  these  substances  produces 
large  quantities  of  free  ammonia.  600  cc.  of  the  wine  are  evaporated 
to  a  small  bulk,  rendered  alkahne  with  soda  solution,  heated  in  a 
stoppered  flask,  and  finaUy  distilled.  The  distillate  contains  much  free 
ammoma  and  a  smaU  quantity  of  alcohol  formed  from  the  organic 
ethers.  _  bulphmic  acid  is  added  to  the  distillate  to  neutralise  the 
ammoma,  and  the  liquid  distiUed  again.  Pm-e  dilute  alcohol  passes 
over,  the  ^strength  of  which  is  to  be  estimated  as  described  unclev 
Alcohol.  01  course  only  an  extremely  dUuted  alcohol  is  obtained, 
since  the  amoimt  of  fixed  ethers  is  very  smaU.  The  amount  of  alcohol 
obtamed  is  cakulated  lor  tartaric  ether,  the  chief  constituent  of  the 
fixed  ethers  Thudichum  and  Dupre  convert  the  alcohol  obtained  into 
acetic  acid  by  oxidising  agents,  and  estimate  the  acetic  acid,  which 

P^Lnt.-    ''l-.'i     r^^T^^y^^^^^  "luch  greater  accui-acv  than  the 
estimation  of  the  alcohol  contamed  in  an  extremely  diluted  spu-it. 

Jiertkelots  formula— According  to  Berthelot,  the  quantity  of  ethers 
tSrl'°  ^7  matured  wine  stands  always  in  a  certain  fixed  relation  to 
the  amounts  of  alcohol  and  acid  present,  and  he  gives  the  foUowin- 
formvUa  for  the  estimation  of  the  ethers  ^^^owm^ 

h.^c^'nof'^'^Yi''''^^^^?'''^'^  ^''^  determined,  the  latter 

beino-  calcidated  as  acetic  acid.  A,  the  amount  by  weight  of  alcohol 
toimd;  B  the  proportion  of  alcohol  per  thousand,  which  corresponds  to 
the  total  free  acid  found  46  parts  of  alcohol  representing  GoTarts  of 
acetic  acid.  By  multiplying  A  by  1-17  and  adding  2-8,  we  obta  n  a 
tfe',T'T"^*^'P™P°^"*^^°  P^r  cent,  of  the  alcohol  deduced  fi  om 

iVcaS  c    T^hl  ?^^  ''?;-T°f  a«  ether  and  which  we 

will  call  G    Then  B,  multiphed  by  0  and  divided  by  100,  oives  the 
quantity  of  alcohol  present  as  ethers  in  1,000  parts  of  iine 

buppose  a  sheriy  to  contain  18  per  cent,  of  alcohol  by  weight  and 
0-4  per  cent,  of  acid  calculated  as  acetic  acid,  then  ^ 

C=18xl-i7+2-8=23-86 

aifd^SS^x  l-O^'n^      -/rf  2-9  per  thousand  of  alcohol, 

wine.  ^  100-00-69  per  thousand  pai-ts  of 

The  Determination  of  the  Albuminous  Matter. 
If  to  well-fermented  white  wines  a  little  chlorine  water  be  added 

^nelLTd  mLreTwin''"'  fl"  made  1:  new  whS 
•  SSnc.  of  TolZf    1  precipitate  will  appeal-,  con- 

<  co]wir?L  «^uP  "f  •  f  ''^  ^^'l  al^^en,  and  whiSh  may  be 

<  cojiected  on  a  filter,  dned,  and  weighed. 
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In  those  wines,  however,  in  which  no  precipitate  appears  on  the 
addition  of  chlorine  water,  it  is  not  to  he  inferred  that  alhumen  is 
ahsent,  for  in  such  cases  a  certain  amount  of  that  substance  will  be 
detected,  either  by  combustion  or  by  the  process  of  Wanklyn  and 
Chapman,  devised  for  the  determination  of  the  albiumnoid  ammonia 
present  in  potable  water.  This  process  has  been  described  in  detail  in 
the  article  on  '  Water,'  but  we  will  here  give  a  very  brief  outline  of  it 

as  applied  to  wine.  p     i      ^    r  j 

Ten  cubic  centimetres  of  wine  and  2  grammes  ol  carbonate  ot  soda 
are  added  to  about  1,000  cc.  of  pure  distilled  water,  entirely  free,  as 
previously  ascertained,  fi-om  ammonia  ;  about  one-third  of  the  mixture 
is  distilled  off,  and  the  ammonia  estimated  in  the  distillate  by  Nessler  s 
test     This  proceeding  gives  the  free  ammonia  in  the  vdne. 

To  the  remaining  contents  of  the  flask  are  now  added  2  grammes  of 
pure  permanganate  of  potassimu,  and  10  grammes  of  hydrate  of  potash 
previously  dissolved  in  boiled  water,  to  make  sure  of  the  absence  oi 
any  free  ammonia.  Distillation  is  then  recommenced.  This  treatment 
occasions  the  decomposition  of  the  albumen  and  the  formation  ot  am- 
monia. ,        .  T  ,-n  J  J 

About  one-half  or  two-thirds  of  the  mixtui-e  are  distilled  over,  and 
the  ammonia  estimated  either  by  Nessler's  test  or  by  titration  with  a 
standard  solution  of  sulphuric  acid.  The  amount  of  ammonia  multi- 
plied by  10,  AVanklyn  and  Chapmaus  formula,  gives  the  quantity  ot 
albuminoid  substance  in  10  cc.  of  wine,  or  multiphed  by  100,  the 
percentage  of  albuminous  matter  in  the  wme. 

The  amount  of  nitrogen  met  with  by  Mulder,  in  certain  wines,  was 

as  follows : —  „„„„ 

Name.  Nitrogen. 
Benicarlo  0-0'20  per  cent. 


Koussillon  . 
St.  George  . 
Narbonne  . 
White  Cotes 
Old  Burgundy  Pommard 


0-()29 
0-020 
0-021 
0-023 
O-O-JO 


The  above  quantities  of  nitrogen  are  made  up  of  the  nitrogen  of  the 
ammonia  of  the  wine,  of  that  of  the  ferment,  and  lastly  of  the  albumen 
proper.  That  from  the  ammonia  may,  as  we  have  seen,  be  separately 
estimated,  and  its  amount  deducted.  „ 

Thudichum  and  Dupr6  found  the  foUowing  quantities  of  albu- 
minous matter  in  the  wines  specifled  below,  as  estimated  by  V\  anklyu 
and  Chapman's  process  :— 

Ingelheimer  (red) 

Port,  1851.  .      •     .  •  •, 

Sherry,  thirty  years  in  bottle 

Madeira  .... 

Niersteiner  .... 

Natural  port 

Port,  1865  .... 


0-373 

0-0888 

0-1807 

0-1581 

0-355 

0-0527 

0-1760 


per  cent. 
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Lastly,  in  twenty-five  wines,  chiefly  shen-ies  recently  analyzed  by 
the  author,  he  found  by  the  combustion  process  the  following  quantities 
of  nitrogen : — 


Old  brown  sherry 
Santiago 
Finest  Montilla 
Amontillado 
Manzanilla 
Marsala . 
Madeira . 
I) 

Cadiz  sherry 
Sherry  . 


Per  cent. 
.  0-030 
.  0-024 
.  0-025 
.  0-020 
,  0-028 
.  0-039 
,  0-022 
,  0-018 
,  0-025 
0-022 
0-023 
0027 
0-017 


Public-house  sherry 


Hambro'  sherries 


Per  cent. 
0-029 
0-027 
0-020 
0-028 
0-018 
0-022 
0-010 
0-017 
0-017 
0-015 
0-014 
0-016 


Kestaurant  sherry 

We  have  dwelt  thus  fuUy  on  the  presence  and  determination  of  al- 
buminous matter  m  wine,  because  of  the  practical  importance  attached 
to  tne  enquiry,  as  the  amount  present  sometimes  enables  us  to  declare 
as  in  the  case  of  Hambro'  sherry,  whether  a  wine  is  adulterated  or  not' 

Again,  excess  of  albumen  in  wine  frequently  causes  it  to  spoil 
Helps  the  conversion  of  alcohol  into  acetic  acid,  and  conduces  to  the' 
generation  of  the  fungus  which  forms  mould  in  wine. 

Dete)-mination  of  Ammonia. 

.,.At!^^  quantity  of  the  wine,  say  100  cc,  is  taken,  and  twice  the 
^[uantity  of  water  added ;  one-third  of  this  is  distilled  off,  the  residue 
m  the  retort  is  made  slightly  alkaline  with  carbonate  of  soda;  and 
another  thu-d  is  distilled  ofl:^  into  a  second  receiver.  The  obiect  of  the 
hrst  distillation  IS  the  removal  of  the  greater  part  of  the  alcohol  and 
yola,tUe  acid.  The  ammonia  is  estimated  in  the  second  distillate  either 
by  titration  with  sulphuric  acid  or  by  Nessler's  process.  It  is  necessary 
tL  Mlation     '''''^'^'^  "^"^        ^ot  become  acid  during 

Determination  of  the  Colourinff  Matter  of  Med  Wine. 
as  fonows':-^'''""''       ''''^^^'^       colouring  matter  of  red  wine  is 
Acetate  of  lead  is  added  to  the  wine  so  long  as  any  precinitate  is 
thrown  down  ;  this  is  coUected  on  a  filter  and  ^washed  ^un'S  tf  wat 
ceases  to  be  acid:  the  filtrate  is  of  a  pale  violet  colour,  but  becomes 
«n         ^      '"""I  ^""'^  disappears.    The  precipitate, 

w  '°  '^''*f^'-       """^  ^^;}>l^<^ted  to  the  action  of  sdphu- 

Wf  /  T"" '  1^  ITZ^'  r  ^  ^^^'^^  «f  lead  ;  it  is  again 
coUected  and  washed,  the  filtrate  being  of  a  red  colour  so  long  as  it 
retains  its  acid  reaction.  "= 

The  bluish-black  mass  thus  obtained,  a  mixture  of  sulphide  of  lead 
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and  colouring  matter,  is  now  boiled  with  water  to  remove  extractive 
matters— tartaric  acid,  sugar,  gum,  &c.,  and  is  then  exhausted  with  a 
mixture  of  alcohol  and  acetic  acid,  the  tincture  bemg  of  a  beautiful 
red  colour ;  this  tincture  is  then  evaporated  ;  it  is  at  first  red,  but  as 
evaporation  proceeds,  violet,  and  lastly,  when  but  little  acetic  acid  re- 
mains of  a  singularly  beautiful  blue.  The  liquid  is  now  evaporated^  to 
drvness  the  fat  extracted  with  ether,  and  the  last  trace  of  lead  with 
acetic  acid ;  what  then  remains  consists  of  the  coloming  matter  in 
a  perfectly  pure  state. 

Estimation  of  the  Mineral  Matter. 
Evaporate  in  a  platinum  dish  a  measured  quantity  of  wine— 50  cc. 
are  commonly  sufficient.    The  residue  is  then  to  be  incinerated  and 
the  ash  weio'liod.    The  incineration  is  often  a  very  slow  and  tedious 
process,  since  the  organic  matters  burn  only  with  very  gi-eat  difficulty, 
and  the  temperature  must  not  be  too  high,  in  order  to  avmd  loss  by 
the  volatilisation  of  the  salts  of  potash.    The  salts  of  tartaric  and 
malic  acids  are  converted  bv  the  incineration  into  carbonates,  which 
ffive  a  very  good  measure  of  the  quantity  of  those  salts.    A  standard 
sulphuric  acid  solution,  which  contains  in  1,000  cc.  one-half  eqmya- 
lent  of  anhvdrous  sulphuric  acid  (40  grms.),  is  now  dropped  upon  the 
moistened  ash,  till  the  reaction  is  exactly  neutral.     The  results  are 
most  conveniently  calculated  for  caustic  potash  or  tartrate  of  potash 
notwithstanding  "that  a  good  quantity  of  carbonate  of  lime  is  present 
in  the  ash,  but  this  is  derived  from  tartrate  or  malate  ot  hme.  it 
necessary,  the  soluble  carbonates  may  be  separated  from  the  lime  and 
magnesia  salts  by  means  of  boiling  water,  and  both  separately  esti- 
mated. 

Estimation  of  Phosphoric  Acid. 
The  phosphoric  acid  may  either  be  directly  precipitated  from  the 
wine  by  the  method  we  are  just  going  to  describe  or  better,  the  wine 
is  first  evaporated,  incinerated,  and  the  ash  boiled  with  nitric  acid  to 
dissolve  the  phosphates.  In  either  case,  the  bidlc  of  the  liqmd  should 
be  as  small  as  possible,  not  amounting  to  more  than  20  cc. ;  100  to 
200  cc  of  wine  should  be  employed.  Add  to  the  evaporated  wine,  or 
to  the  solution  of  the  ash,  a  solution  of  molybdate  of  ammonia  in  mtinc 
arid  in  excess,  and  keep  the  mixture  for  some  hours  at  a  temperatm-e 
riot  exceedino-  50°  0.  All  phosphoric  acid  is  precipitated  as  yellow 
Prvstalline  phospho-molybdate  of  ammonia,  mixed  with  vai-iable  quanti- 
S  of  molvhdanic  acid.  The  precipitate  cannot  therefore  be  directly 
wpLhed  it  is  washed  with  some  molybdate  of  ammonia,  dissolved  in 
dilute  ammonia;  and  the  alkaUne  solution,  which  contains  now  all  the 
SXri?  acid  present  in  the  wine,  precipitated  with  a  solution  ot 
chlonde  of  magnesium.  The  precipitate  consists  o  phosphate  of  ammo- 
and  magnesia.    It  is  filtered  after  some  hom-s'  standing  m  the  cold, 
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washed  with  dilute  ammonia,  incinerated  and  weighed.  One  hundred 
parts  of  it  contain  63-96  parts  of  phosphoric  acid.  For  fiu-ther  details 
of  the  method,  which  requires  great  care,  a  work  on  analytical  chemis- 
try, as  Fresenius's  '  Quantitative  Analysis,'  may  be  consulted, 

^Estimation  of  Sulphwic  Acid. 

From  50  to  100  cc.  of  wine  are  rendered  acid  by  pure  hydrochloric 
acid,  heated  to  boiling,  and  chloride  of  barium  added  to  the  boiling 
liquid.  Immediately  a  white  precipitate  of  sulphate  of  barium  is 
formed,  which  settles  very  easily  after  some  minutes'  boiling.  If  the 
chloride  of  barium  be  added  to  the  cold  liquid,  the  sulphate  of  barium 
faUs  down  as  a  very  fine  powder,  which  always  passes  through  the 
pores  of  the  filter-paper.  It  is  separated  by  filtration,  well  washed 
with  hot  water,  incinerated,  and  weighed  •,  100  parts  of  it  contain  34-335 
parts  of  anhydrous  sulphm-ic  acid  (SOg),  or  42-49  parts  of  HjSO^. 

Estimation  of  Chlorine. 

Talfe  100  cc.  of  the  wine,  render  them  acid  with  pure  nitric  acid, 
and  add  nitrate  of  silver  solution.  Chloride  of  silver  is  precipitated, 
especially  after  agitation  of  the  liquid.  It  is  to  be  separated  by 
filtration,  dried,  incinerated,  and  weighed  in  a  porcelain  crucible.  The 
precipitate  should  be  separated  from  the  filter-paper  as  cleanly  as 
possible,  since  the  organic  matter  of  the  paper  reduces  the  chloride 
to  metallic  silver ;  100  parts  of  the  precipitate  contain  24-724  parts  of 
chlorine. 

Determination  of  the  Total  Solids. 

It  might  be  supposed  that  the  determination  of  the  total  solid  mat- 
ters contained  in  a  wine  was  a  very  simple  and  easy  operation,  and  one 
which  might  be  made  to  yield  acciu-ate  results,  "it  wiU  be  seen  that 
any  siich  conclusion  would  be  erroneous. 

Two  methods  are  usually  employed — one,  which  may  be  termed 
the  direct  method,  consists  in  the  evaporation  of  a  given  quantity  of 
wine,  say  10  cc,  on  a  water-bath,  diying  it  till  it  ceases  to  lose  weiffht, 
and  weighing.  Now,  the  fault  of  this  method  is  that,  however  care- 
fully the  evaporation  may  be  conducted,  the  sugar,  dextrin,  and  cer- 
tain of  the  extractive  matters  become  more  or  less  changed,  chemically 
and  physically,  from  the  heat  to  which  +hey  are  subjected. 

Still,  this  process,  though  not  exact,  fiu-nishes  valuable  com- 
parative results.  Messrs.  Thudichum  and  Dupre  state  that  by  this 
method  they  have  found  in  a  number  of  analyses  of  wine  rich  in  sugar 
more  sugar  than  the  total  amount  of  solids  foimd  ;  but  this  is  in  part 
explained  by  the  fact  that  they  dried  the  residue  at  a  temperature  of 
110°  C. 

The  second,  or  indirect  method,  is  one  which  is  dso  very  easily 


752 


WINE  AND  ITS  ADULTERATIONS. 


performed,  and  which,  on  the  whole,  yields  results  of  a  more  satisfac- 
tory character  than  the  first  process. 

A  given  quantity  of  the  wine  is  first  freed  hy  evaporation,  or,  better 
still,  by  distillation,  from  its  alcohol ;  the  remaining  liquid  containing 
the  solids  is  now  made  up  with  water  to  its  original  bulk,  and  its 
specific  gravity  taken.  The  gravity  thus  found  will  correspond  with 
the  amount  of  solids  specified  in  the  following  table  of  Balling: — 


Sugar  Table  {Temperature,  17'5°  C.) 


gravity. 

Per- 
centage. 

Specific 
'gi-avity. 

Per- 
centage.' 

Specific 
gravity. 

Per- 
centage. 

Specific 
gravity. 

Per- 
centage. 

1-0040 

1-004 

1-0080 

2-016 

1-0120 

3-036 

1-0160 

4-064 

1 

-029 

1 

-041 

1 

•062 

1 

•090 

2 

■054 

2 

-067 

2 

•087 

2 

•116 

3 

•080 

3 

-092 

3 

•113 

3 

•141 

4 

•105 

4 

•118 

4 

•138 

4 

•167 

5 

•130 

5 

-143 

6 

-164 

5 

-193 

6 

-155 

6 

•168 

6 

-190 

6 

-219 

7 

•180 

7 

•194 

7 

-215 

7 

-245 

g 

•206 

8 

•219 

8 

-241 

8 

-270 

9 

•231 

9 

•245 

9 

-266 

9 

-296 

1-0050 

1-256 

1-0090 

2-270 

1-0130 

3-292 

1-0170 

4-322 

1 

-281 

1 

-295 

1 

-318 

1 

-347 

2 

•307 

2 

-321 

2 

-343 

2 

•374 

3 

•332 

3 

•346 

3 

-369 

3 

•400 

4 

•358 

4 

•372 

4 

-395 

4 

•426 

5 

•383 

5 

•397 

5 

•420 

5 

-451 

g 

•408 

6 

-423 

6 

•446 

6 

-477 

7 

•434 

7 

-448 

7 

-472 

7 

-503 

Q 

o 

•459 

8 

-474 

8 

-498 

8 

-529 

g 

•485 

9 

-499 

9 

-523 

9 

-555 

1*0060 

1-509 

1-0100 

2-525 

1-0140 

3-549 

1-0180 

4-581 

1 

•534 

1 

-550 

1 

•575 

1 

•607 

2 

-560 

2 

-576 

2 

-600 

2 

•633 

3 

•685 

3 

•601 

3 

-626 

3 

•659 

4 

-610 

4 

•627 

4 

-652 

4 

•685 

6 

•635 

6 

•652 

5 

-677 

5 

•710 

6 

•661 

6 

•678 

6 

-703 

6 

•736 

7 

-686 

7 

•703 

7 

■729 

7 

•762 

8 

•711 

8 

•729 

8 

•755 

8 

•788 

9 

-737 

9 

•754 

9 

■780 

9 

•814 

1-0070 

1-762 

1-0110 

2-780 

1-0150 

3^806 

1-0190 

4-840 

1 

•787 

1 

-805 

1 

•832 

1 

-866 

2 

•813 

2 

-831 

2 

•858 

2 

-892 

3 

•838 

3 

-856 

3 

•883 

3 

•918 

4 

•864 

4 

-882 

4 

•909 

4 

•944 

6 

•889 

5 

•908 

5 

•935 

5 

-970 

6 

•914 

6 

•934 

6 

•961 

6 

•S96 

7 

-940 

7 

•959 

7 

987 

7 

5-022 

8 

•965 

8 

-985 

8 

4^012 

8 

-048 

9 

-991 

9 

3-010 

9 

-038 

9 

5-074 
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Specific 
Gravity. 


1-0200 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1-0210 
1 
2 


Per- 
centage. 


5-  100 
-1-26 
•162 
-178 
-204 
-230 
-256 
•282 
•308 
•334 

6-  3b-0 
•386 
•412 


Specific 
Q-ravity. 


1-0213 

4 
5 
6 
7 
8 
9 

1-0220 
1 
2 
3 
4 
5 


Per- 
centage 


-438 
-464 
-490 
-617 
-643 
•569 
-695 
5-621 
•647 
-673 
-699 
-726 
-751 


Specific 
Gravity. 


1-0226 
7 
8 
9 

1-0230 
1 
2 
o 
4 
b 
6 


Per- 
centage. 


•778 
•804 
•830 
•856 

5^882 
•908 
•934 
•961 
-987 

6-013 
•039 
•065 
•092 


Specific 
Gravity. 


1^0239 
■  1^0240 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1^0250 


Per- 
centage, 


•118 
6-144 
•170 
•196 
•223 
-249 
•275 
•301 
•327 
•354 
•380 
6-406 


This  table  as  "based  upon  the  gravity  of  beer  worts,  but  it  is  found 
to  answer  well  for  wine,  an  allowance  or  deduction  being  made  for  the 
greater  weight  of  the  ash  in  the  latter;  in  fact,  the  whole  of  the  ash 
iound  saoidd  be  deducted,  since  the  amount  of  the  extract,  minus  the 
ash  IS  required.  In  weak  thin  wines,  containing  but  Httle  ash,  the 
deduction  is  not  usuaUy  of  much  importance,  but  as,  in  some  wines, 
the  ash  amounts  to  as  much  as  half  a  per  cent.,  the  error  would  be 
considerable  if  the  deduction  were  not  made. 

The  following  total  residues,  minus  ash,  obtained  by  the  two 
methods,  are  from  Thudichum  and  Dupre's  treatise  .-— 

1st  method.      2nd  method. 
Marsala        ....        4-132      ,  6-780 

i^u  ■  nu-..-  •  '  ^■632  .  6-909 
Lachryma  Christi .      .      .      24-262      ,     32  022 


Sugar  per  cent. 

4-  70 

5-  26 
.  26-784 


THE  ADtTLTERATTOKS  OF  WESfE. 

Wine,  as  might  be  supposed,  and  as  is  well  known,  is  very  liable 
to  adulteration,  and  this  in  a  great  variety  of  ways 

The  practice  begins  with  the  veiy  must  itself,  and  may  be  said  not 
to  end  m  many  cases  imtil  the  wine  reaches  the  consumer 

The  composition  and  quaUty  of  the  must  vaiy  of  course  with  many 
circumstances-the  kind  of  grape,  the  season,  and  especially  with  the 
degree  of  ripeness  of  the  fruit.  Some  musts,  as  those  derived  from 
well-npened  grapes,  are  often  particidarly  rich  in  sugar.  Others  again, 
from  unnpe  grapes,  yield  a  must  in  which  acids  predominate.  ' 

Dilution  and  Sweetening  of  the  Must. 

XI.  ^-T  occuiTed  to  certain  ingenious  gentlemen  to  subject  botli 

the  nch  and  the  soui-  musts  to  special  treatment.  Thus  M.  Petiot  recom- 

3  c 
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meuds  an  addition  of  water  to  must  which  ahouuds  in  sugar,  and  he  has 
elaborated  his  method  into  a  system,  which  has  even  been  named  after 
him,  and  the  wine  thus  manipulated  is  distinguished  by  the  appellation 
of  '  Petiotised '  wine.  On  the  other  hand,  M.  Gall  recommends  an 
addition  of  sugar  to  poor  musts ;  to  the  sour  musts  he  adds  water 
to  reduce  the  acidity,  and  then  sugar  to  make  up  for  the  deficiency 
occasioned  by  the  addition  of  the  water.  This  method  too  has  served 
to  immortalise  the  author,  and  such  wine  is  known  in  Germany  as 
'  Gallisirter '  wine. 

Hio-h  are  the  eulogiums  passed  upon  the  wines  produced  from 
must  so  treated,  and  some  enthusiastic  writers  woidd  lead  us  to  believe 
that  they  are  far  superior  to  the  wines  the  produce  solely  of  the  juice 
of  grapes. 

Thus  Petiot  obtained  by  repeated  pressm-e  and  dilution  from  a 
quantity  of  black  gi-apes,  which  shoidd  have  yielded  only  60  hecto- 
litres of  wine,  by  the  aid  of  240  litres  of  sugar  solution  containing  18 
per  cent.,  90  hectolitres  of  white,  and  195  hectolitres  of  red  wine — in 
fl,ll  300  hectolitres  of  what  Petiot  denominates  '  wine  in  the  full  sense 
of  the  word.' 

The  Petiotised  wine,  according  to  Thudichum  and  Dupre,  '  is  less 
acid  and  more  drinkable.  It  has  more  bouquet  than  the  wine  which 
has  been  made  from  the  grapes  directly.  It  has  an  extraordinary 
power  of  lasting.' 

'  The  infusion  wines  resemble  natm-al  wines  in  all  essential  qua- 
lities. They  contain  all  the  essential  ingredients  and  almost  in  the 
same  proportions  as  the  natural  product.  The  non-essential  ingre- 
dients, or  those  which  are  frequently  hurtful  to  the  natural  wine,  are 
diminished  in  the  infused  wines  to  such  an  extent  that  their  absence 
is  a  favourable  circumstance.' — Thudichum  and  DiiprS. 

Of  course  the  amount  of  tartrate  of  potash  and  of  free  acid  is  less 
than  in  wines  made  from  undiluted  must,  and  hence  in  this  respect  it  is 
uro-ed  in  favour  of  these  artificial  wines,  that  they  are  more  like  old 
wines,  being  milder  to  the  taste  from  having  deposited  part  of  their 
tartar.  But  they  also  contain  It  ss  mineral  matter  generally,  less  potash 
and  phosphoric  acid,  as  well  as  a  smaller  quantity  of  the  peculiar 
acids  of  the  wine,  malic  and  tartaiic  acids. 

It  is  well  established  that  fermentation  ceases  in  a  liquid  which 
contains  16  per  cent,  of  alcohol  by  weight,  corresponding  to  about  32 
per  cent,  of  sugar.  Now,  in  'parts"  of  Spain,  Italy,  Greece,  and 
Madeira,  the  must  frequently  contains  an  amount  of  sugar  equal  to 
24  per  cent,  of  alcohol,  and, 'since  fermentation  ceases  above  16  per 
cent.,  of  course  much  of  the  sugar  in  such  rich  musts  will  remain  un- 
converted if  the  sugar  be  not  brought  down  by  dilution  with  water, 
and  this  fact  furnishes  one  argument  in  favour  of  the  adoption  in 
some  cases  of  Petiofs  method  ;  but  then  it  may  be  said  that  grapes 
which  furnish  such  a  saccharine  juice  are  scarcely  fitted  for  wme- 
malring  at  all,  and  that  they  correspond  rather  to  raisins  than  to  grapes 
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of  which  wines  are  usually  made — at  all  events,  if  wines  be  made 
from  such  grapes,  they  shoidd  he  of  the  sweet  class,  such  as  Lunel  and 
some  of  the  sweet  Sauternes. 

Musts  which  contain  only  an  amount  of  sugar  equivalent  to  6  or  8 
per  cent,  of  alcohol,  are  hardly  rich  enough  for  making  wine,  but  it 
must  be  remembered  that  gi-apes  contain  diiFerent  quantities  of  sugar 
according  to  their  degree  of  ripeness,  and  hence  it  is  a  common  practice 
to  test  the  juice  from  time  to  time,  vdth  a  view  to  aacertam  the 
amoimt  of  sugar  coiftained  in  it,  and  so  to  regulate  the  period  of  the 
ingathering.  In  some  temperate  countries — as  the  Rheingau — the 
grapes  never  become  too  ripe,  and  are  therefore  allowed  to  hang  on  the 
vines  until  the  autumn  is  far  advanced. 

Regulation  of  the  Acidity  of  the  Must. 

An  important  part  of  the  process  of  Gall  consists  in  the  regulation 
of  the  amount  of  acid  in  the  must.  In  bad  years  the  grapes  are  so 
nch  m  acidity  that  the  winea  produced  from  them  are  too  sour  to  be 
agreeable  to  the  palate.  Five  parts  of  acid  in  one  thousand  of  wine  are 
contained  m  wines  of  good  qualitj' ;  in  sour  ones  often  as  much  as  from 
16  to  18  per  thousand. 

_  Now  it  is  in  such  cases  that  the  process  of  Gall  comes  into  opera- 
tion ;  but  it  is  held  by  many  that  such  som-  must  is  not  fit  for  the 
manufactiu-e  of  wine.  StiU  we  would  say  of  this  process,  as  well  as 
of  that  of  Petiot,  that,  provided  the  mnes  so  made  are  properly  dis- 
tinguished, as  by  the  names  of  the  authors  of  the  process,  there  are 
cases  in  which  the  wine  grower  is  justified  in  having  recom-se  to  them 
GaU  depresses  the  acidity  of  all  must  to  0-5  per  cent.,  and  raises  the 
amount  of  sugar  to  20  per  cent.  Of  course,  therefore,  the  quantity  of 
wme  so  produced  is  greatest  the  som-er  the  original  must :  this  to  us 
appears  to  be  a  radical  fault  of  the  method.  '  But  what  struck  the 
observer  as  most  remarkable  was  this  circumstance,  that  the  wine  was 
always  better  than  the  wine  from  the  same  som-  must  made  by  the 
ordinary  meam.'—Thudichwn  and  Dupre. 

In  the  case  of  over-acid  wines,  the  excess  of  acidity  is  in  some 
eases  got  rid  of  by  the  direct  addition  of  an  alkah,  such  a/ carbonate  of 
lime  or  soda,  and  m  other  cases  by  the  addition  of  neutral  tartrate  of 
potash,  as  recommended  by  Liebig.  This  salt  combines  with  a  part 
of  the  free  tartaric  acid,  forming  acid  tarti-ate  of  potash,  which,  on 
account  of  its  comparative  insolubility,  separates. 

'The  addition  of  the  carbonated  alkalies  or  of  chalk  alters  the 
bouquet  of  the  wine.' — Parkes. 

The  Colouring  of  Wine. 
This  consists  of  two  different  processes,  the  one  applicable  to  cer- 
:  tain  80-caUed  white  wines,  as  sherry,  Madeira,  and  wines  of  a  similar 
I  class ;  the  other  to  red  wines,  especially  port 
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The  coloration  of  slierry  and  other  analogous  wines  is  effected 
sometimes  by  the  direct  addition  of  sugar,  often  cane  sugar,  more  or 
less  caramelised,  hut  frequently  by  the  addition  of  the  concentrated 
must,  obtained  by  evaporation  in  large  pans.  Part  of  the  sugar  of  the 
must  is  decomposed  by  the  heat,  particularly  at  the  margin  of  the 
pan.  colouring  the  sugar  more  or  less  deep  brown.  The  syrup  thus 
obtained  is  added  to  wine  until  the  required  shade  of  coloiu-  is  ob- 
tained. Much  more  frequent,  however,  than  this  process  is  the  direct 
addition  of  caramel. 

The  colouring  of  red  wines  is  practised  on  an  extensive  scale. 
There  are,  in  fact,  several  kinds  of  wine,  especially  port,  which  are  as 
a  rule  artificially  colom'ed.  Frequently  red  wines  are  manufactured  by 
dyeing  white  wines  with  some  vegetable  pigment.  Many  different 
plants  producing  red  fruits  are  extensively  cultivated  solely  for  the 
purpose  of  extracting  their  colouring  matters,  which  serve  as  adulterants 
of  red  wines.  Black  cherries,  bilberries,  but  particularly  elderberries, 
serve  alike  for  this  piu-pose,  while  Brazilwood  or  logwood  is  largely 
employed.  Let  no  one  think  that  this  adulteration  is  carried  on 
secretly ;  the  elder-tree,  for  instance,  is  cultivated  in  Spain  and  Por- 
tugal on  a  large  scale,  and  immense  quantities  of  dried  elderberries 
are  exported  from  the  latter  country.  Spain  alone  imported,  in  1866, 
145,000  kilos,  while  large  quantities  were  sent  to  Brazil  and  France. 

An  article  is  extensively  used  for  the  coloration  of  red  wines, 
termed  Jerojnga.  This  consists  usually  of  must,  often  more  or  less 
evaporated,  and  sometimes  partly  fermented,  brandy,  and  foreign  red 
colouring  matter,  for  the  most  part  that  of  elderberries ;  but  another 
form  of  J^eropiga  is  made,  which  is  composed  of  the  same  ingredients, 
minus  the  red  dye,  and  this  is  added  to  wines  requiring  to  be  sweetened 

and  fortified.  j  i  j  . 

In  the  case  of  red  wines  the  colouring  matters  are  usually  added  to 

the  grapes  dming-  crushing. 

The  Plastering  of  Wine. 

The  second  operation  to  which  the  must  or  juice  of  the  grape  is 
fi'oquently  subjected  is  that  known  as  'Plastering.'  It  consists  in 
dusting  over  the  must  a  considerable  quantity  of  bm-nt  gypsiun,  plaster 
of  Paris,  or  sulphate  of  lime.  Sometimes  the  sulphate  of  lime  is  mixed 
with  a  proportion  of  chalk  or  carbonate  of  lime,  or  chalk  is  entirely 
substituted  for  the  plaster.  Parkes  states  that  the  substance  used  for 
plastering  consists  of  a  mixture  of  80  per  cent,  of  sulphate  of  lime, 
12  of  carbonate  of  lime,  and  8  of  quicldime,  sulphide  and  chloride  of 
calcium,  of  which  from  1^  to  7  lbs.  is  used  to  one  hectolitre  of  wme. 

The  practice  is  a  verv  ancient  one,  and  it  prevails  in  Spain,  Por- 
tugal and  the  south  of  France— including  especially  Perpignan  and 
Languedoc— Greece,  and  probably  other  countries ;  and  the  wines  more 
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pai-ticularly  subjected  to  this  process  are  sherry,  port,  and  cei-tain 
i'rench  and  Greek  wiues. 

The  eftect  of  the  addition  of  the  sulphate  of  lime  has  already  heen 
explained,  and  it  consists  principally  in  the  removal  of  the  tartaric 
acid  in  combination  with  the  potash,  insoluble  tartrate  of  lime  beino- 
termed,  and  a  soluble  bitter  and  aperient  salt,  sulphate  of  potash.  " 

vyjien  chalk  is  added  as  well  as  sulphate  of  lime,  a  portion  of  the 
tree  tartaric  acid  is  likewise  thrown  down,  the  acidity  of  the  wine 
bemg  of  course  thereby  reduced. 

When  chalk  is  entirely  substituted  for  the  plaster,  not  only  is  the 
tarti-ate  of  hme  thrown  down  as  before  and  part  of  the  free  acid  either 
removed  or  neutrahsed,  but  there  is  no  formation  of  the  hio-hly  obiec- 
tionable  sulphate  of  potash,  and  hence  it  would  anpear  thit  this  is  a 
preferable  mode  of  treating  the  must.  Indeed,  this  plan  has  been  spe- 
ciaUy  recommended  by  Midder. 

""^'^  remembered  that  the  addition  of  either  sulphate 

or  carbonate  of  lime  occasions  the  conversion  of  the  soluble  phosphates 

;^H-fP  ^^■''^  ^^^^^  ^  precipitated  if  the 

acidity  of  the  wine  were  not  considerable.    The  amount  of  maUc  acid 

Z  f"^!*^  ^*  ^f-^T'     .^^^'^  ^'^'^  determined  with  any  accuracy, 

TTrn nf  f^v.""^  plastenug  on  that  acid  has  not  been  ascertained 
lotZ^^Llt^f^^  'ti*^'  "^^^""^'.'^  ^^^^  ^^•^^^'i  i^^r  that  it  was 
of  f^i  !  ?  %   1  ^''^^>  ^""^  ^lig-^t  deoTee  of  alkalinity 

ot  the  ash  of  plastered_  wines  would  appear  to  lead  to  a  contrary  cou- 

ofX°,Lr  "^Vf  mind,  however,  that  in  the  ripe  grapes'  most 

of  the  malic  acid  has  disappeared.  But  we  believe  that  good  must  re- 
lZf^  Z  is  it  very  easy  to  determine  what  are  the 

long  piaclS^''  °P  plastering  so  commonly  and  so 

It  has  been  alleged  that  plastering  increases  the  strength  of  wine 

■  but  it  .liJnf  f'  ^  the  clarification  of  the  wine, 

•Sni  ^      mischievous  in  other  ways:  thus,  as  afready  ex- 

i&n^tt3'\'\\-^T*  ^"d'from  the  wine, 

.0°       P°       ^^^""^  of  sidphate  of  potash,  while  at 

W  ?n  W  of  ^TZ  '\^^^^'y     '-^tom.  ^t  deprives  the 

r^jSous  cSalr.        '^'^^^'^^        ^^^^^^^'^^^"^^  ^^^^^  - 

ssulnwT^J  t  T  ^"^'^  of  calculating  all 

ssulphunc  acid  found  m  the  wine  into  sulphate  of  potash  since  the 
rmust  of  grapes  natmally  contains  a  small  quantify  TcomCed  sul- 

of  the  quLrity  tS  ptse:  t 
if  tirwfrlrTfn  ''^^^".^P"'^"'*^  connection  with  the  plastering 
^ifl  'T/f  of  grapes  and  grape  juice 

miUi  a  view  to  determine  the  question.  e  J 

mntft^Zf''^^^''  Boussingault  and  other  authorities,  the  sulphate  of 
>potash  naturally  present  in  wme  should  not  exceed  three  grains  per 
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bottle,  but  subsequent  enquiries  bave  led  us  to  the  opinion  that  the 
amount  of  sulphate  of  potash  present  often  exceeds  this  very  conside- 
rably, and  that  as  much  as  six  grains,  if  not  more,  may  be  present  m 
some  cases.    This  conclusion  is  based  upon  the  following  facts. 

Two  samples  of  Spanish  gTapes  yielded  0-0451  and  0-0336  per  cent, 
of  sulphuric  acid,  equal  to  11-46  and  8-53  gi-ains  of  sulphate  of  potash 
per  bottle,  on  an  average  therefore  9-99  grains. 

100  parts  of  grapes  were  found  to  consist  of  18  parts  ol  husks  and 
stones  and  82  parts  of  juice.  18  parts  of  the  husks  of  a  third  sample 
of  grapes  contained  0-0247  of  sulphuric  acid,  while  82  parts  of  the 
iuice  vielded  0-0189,  equal  to  4-8  grains  per  bottle.  Calculated  in  the 
above^  given  ratio,  18 : 82,  100  parts  of  the  husks  contain  therefore 
0-137  per  cent.,  and  100  parts  of  the  juice  0-023  per  cent,  of  sulphuric 
acid  equal  to  5-82  grains  of  sulphate  of  potash  per  bottle. 

Another  similar  experiment  showed  that  100  parts  oi  must  con- 
tained 0-014  parts  of  sulphuric  acid,  equal  to  3-54  grains  of  sulphate 
of  potash  in  a  bottle  of  one-sixth  of  a  gallon.  _      n    .  ^ 

The  iuice  contains,  therefore,  on  an  average,  4-68  grains  of  sulphate 
of  potash  per  bottle,  while,  as  we  have  seen,  the  whole  grapes  yield 

9-99  ai-ains  per  bottle.  ,  ,  ^     r    x  i 

I-Ience  we  see  that,  in  calculating  the  amount  of  siaphate  of  potash 
in  any  wine  due  to  plastering,  a  deduction  must  be  made  of  either  the 
one  or  the  other  of  the  amounts  above  named,  according  as  the  wine 
has  been  made  either  from  the  juice  alone,  or  from  the  .imce  and  husks. 
Even  in  the  latter  case,  the  deduction  of  10  gTams  per  bottle  would  be 
too  much,  since  it  is  very  certain  that  the  whole  of  the  combined 
8ulphm-ic  acid  present  in  the  husk  and  stones  would  not  be  removed 
by  the  pressure  and  maceration  to  which  the  grapes  are  subjected. 
^  Then,  again,  supposing  it  be  known  that  the  must  h^s  been  sul- 
phured, basing 'the^^  calculation  on  the  statement  Thudichum  and 
Dupr.^,  that  one  pound  of  sulphuric  acid  is  thereby  added  to  a  bu  t  of 
wine,  I  further  deduction  will  have  to  be  made;  although  we  hink 
that,  if  based  upon  the  above  statement  the  reduction  would  be  by  Ur 
too  great,  since  it  amounts  to  no  less  than  24-9  grams  of  sulphate  of 

^°^0f  the  sulphiu-ous  acid  generated  by  the  burning  of  the  sulphm-  a 
great  part  is  not  absorbed  by  the  wine  at  all,  but  escapes  ;  that  bow- 
ser which  is  retained  is  gradually  oxidised  and  converted  mto  sul- 
phm-ic  acid;  this  decomposing  part  of  the  tartrate  of  potasb  «i^P^^^^ 
of  potash  is  formed,  tartaric  acid  set  free,  and  the  acidity  of  the  wme 

A^lt  mus"t  be  remembered  that  a  portion  of  the  sulphm-ic  acid 
present  n' any  wine  may,  in  some  cases,  be  derived  from  the  operation 
of  sSphming  the  ^oine  Ind  the  casJcs,  that  is  to  say,  of  submitting  them 
to  the  fumes'of  burning  sulphur.  i^cf^vintr  nnrl  the 

The  foUowincr  particulars  in  reference  to  the  plastering  and  the 
fumigation  of  winJ  are  taken  from  a  letter  by  Dr.  Thudichum,  which 
appeared  early  in  1874  in  the  '  Times. 
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'Eacli_  quantity  of  collected  grapes  sufficient  to  yield  a  butt  of 
must  previously  to  being  trodden  and  pressed  is  invariably  dusted  over 
with  Irom  30  to  40  lbs.  of  burnt  plaster  of  Paris  (sulphate  of  lime). 
The  effect  of  this  practice  is  to  precipitate  all  tartaric  and  malic  acid 
of  the  must  and  to  substitute  in  their  place  sulphm-ic  acid.  The 
must,  therefore,  as  it  runs  from  the  press  contains  no  bitartrate  of 
potash,  or  so-called  tartar,  but  sulphate  of  potash  instead.  In  conse- 
quence all  sherry  contains  nearly  the  whole  of  the  potash  of  the  must 
as  sulphate,  amounting  to  from  1^  kilogramme  (about  3  lbs.)  to  7 
kilogi-ammes  (about  14  lbs.)  per  butt  of  484  Utresor  108  gallons  (equal 
to  from  36-1  to  169-2  grains  per  bottle  of  one-sixth  of  a  gallon). 
_  '  The  common  varieties  of  must  ai-e  not  only  plastered  but  also 
unpregnated  with  the  fumes  bv  the  combustion  of  about  5  ounces  of 
sulphiu-  per  butt,  which  adds  about  a  pound  of  sulphm-ic  acid  to  that 
brought  in  by  the  plaster.' 

We  would  remark,  in  reference  to  the  above  quotation,  that  the 
plastenng  does  not  remove  all  the  tartaric  acid,  in  fact  none  of  that 
which  IS  m  the  free  state,  nor  is  it  by  any  means  certain  that  the 
make  acid  is  removed.  In  &ct,  ripe  grapes  are  nearly  if  not  entirely 
free  from  that  acid. 

The  foUowmg  figiu-es  by  Thudichum  and  Dupr^  will  illustrate  the 
ettect  ot  plastering  upon  the  acidity  of  the  wine  and  upon  the  alkahuity 

the  ash :— '  The  tartaric  acid  present  in  the  original  juice  amounted 
to  U-91b  gramme  per  litre  ;  in  the  sample  treated  with  20  per  cent,  of 
plaster  it  had  been  reduced  to  0-01  gramme,  the  amoimt  of  malic 
acid  remaining  the  same.  The  original  juice  yielded  4-085  gi-ammes 
ot  ash  per  litre,  containing  2-416  grammes  of  carbonate  of  potassium, 
while  the  sample  treated  with  20  per  cent,  of  plaster  yielded  7-256 
grammes  ash,  containing  0-005  grammes  carbonate  of  potassium.' 

Of  comse  the  quantity  of  plaster  actuaUy  employed  is  much  less 
than  that  mentioned  above,  but  at  the  same  time  the  experiment  illus- 
trates m  a  general  way  the  effects  of  the  addition  of  sulphate  of  lime  to 
the  must  of  gi-apes.  The  amount  of  sulphate  of  potash  actuaUy  met 
with  m  plastered  sherries  by  Thudichum  and  Dupre  ranged,  as  we 
have  seen,  from  36-1  to  169-2  .grains  per  bottle,  while  in  munerous 
analyses  which  we  have  made  the  quantities  have  ranged  from  18-0  to 
54-b  grains  per  bottle  of  one-sixth  of  a  gallon. 

But  we  have  not  yet  quite  done  with  the  subject  of  plastering. 
It  appears  that  the  Greeks  and  Komans  put  gypsum  into  theii-  new 
wine  stirred  It  often  round,  then  let  it  stand  for  some  time,  and  when 
It  had  settled  decanted  the  clear  liquor.'  Geopon.  lib.  vii.  p.  483.  The 
object  of  this  treatment,  it  is  stated,  was  to  clarify  the  wine. 


The  Deplastering  of  Wine. 

It  is  obvious  from  what  has  already  been  said  that  the  plastering 
wme  cannot  be  otherwise  than  most  injurious  to  its  flavour  and 
.olesomenesa,  since  it  removes  the  whole  of 'the  combined  tartai-ic,  and, 
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■wlien  carbonate  of  lime  has  1)6611  employed,  part  of  the  free  acid,  and 
pince  for  the  healthful  and  beneficial  tartrates  a  bitter  and  aperient  salt 
is  substituted. 

I-Ience  it  will  be  apparent  that  any  process  whereby  the  sulpluiric 
acid  can  be  removed  and  the  original  tartaric  acid  restored,  and  in  the 
form  in  which  it  previously  existed,  namely,  as  a  tartrate  of  potash,  is 
highly  desirable  and  would  improve  greatly  the  flavour  and  quality  of 
all  wines  which  had  been  plastered  and  increase  very  considerably  their 
money  value. 

Such  a  process  we  have  devised,  and  we  have  obtained  for  it  pro- 
visional protection,  with  the  intent  to  take  out  a  patent  in  the  names  of 
the  authors,  Arthiu-  Hill  Hassall  and  Otto  Hehuer. 

This  process  consists  of  two  parts ;  in  the  tii'st,  the  amount  of 
combined  sulphm-ic  acid  present  in  the  wine  is  determined  either  volu- 
metrically  or  gravimetrically,  by  means  of  a  solution  of  chloride  of 
barium,  and  in  the  second,' a  quantity  of  tartrate  of  barium  nearly 
equivalent  to  the  amount  of  sidphuric  acid  present  is  added  to  the 
wine,  this  being  occasionally  shaken  for  three  or  four  days.  At  the  end 
of  this  time  all  but  the  normal  quantity  of  the  sulphuric  acid  of  the 
wine  is  precipitated  as  sulphate  of  barium,  while  the  tartaric  acid  is  re- 
stored in  exactly  the  same  amount  in  which  it  was  originally  present, 
this  uniting  with  the  now  liberated  potash  gives  rise  once  more  to  the 
formation  of  tartrate  of  potash,  the  most  characteristic  saline  consti- 
tuent of  all  genuine  wines. 

The  tartrate  of  potash  imiting  with  the  free  tartaric  acid  of  the  wine 
forms  bitartrate  of  potash  or  cream  of  tartar  in  nearly  the  quantity  in 
which  it  existed  in  the  original  and  unplastered  must.  But  since 
now  the  restoration  takes  place  in  an  alcoholised  liquid  the  bitarti-ate  is 
rendered  less  soluble  than  it  would  be  in  the  must,  and  hence  a  consider- 
able separation  of  crystallised  cream  of  tartar  takes  place  very  shortly 
after  the  deplastering  of  the  wine,  thus  rendering  it  mellow,  and  pro- 
ducing at  once  the  eftect  otherwise  only  obtainable  in  genuine  wines 
by  prolonged  Iceepiug.  . 

In  the'process  thus  briefly  sltetched  out,  not  a  trace  of  bariimi  can 
possibly  remain  in  solution  in  the  wine  ;  first,  because  rather  less  of  the 
baryta  salt  is  used  than  is  necessary  to  decompose  the  whole  of  the 
sulphates  present  5  and  second,  since  the  sulphate  of  barium  formed  is 
the  most  insoluble  of  all  known  chemical  compoimds,  and  hence  the 
process  is  free  from  the  smallest  risk. 

It  has  been  more  than  once  stated  that  sulphate  of  potash  is  present 
in  many  wines  to  the  extent  of  nearly  one  ounce  per  gallon._  Now, 
bearino-  in  mind  that  it  is  a  nauseous,  bitter  and  aperient  salt,  it  is  not 
possible  but  that  the  wines  should  be  improved  by  its  removal  and  by 
the  restoration  of  its  original  wholesome  tartaric  acid ;  and  indeed,  the 
improvement  is  veiT  obvious  when  the  plastered  and  the  deplastered 
wiiies  are  tested  and  tasted  one  against  the  other.  In  fact  the  improve- 
ment is  so  great  that  it  unquestionably  makes  a  difterence  ot  several 
shillings  per  dozen  in  the  value  of  any  wines  so  deplastered. 
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Fortification  of  Wine. 

"VYe  have  now  finished  with  the  description  of  the  practices  re- 
sorted to  in  the  treatment  of  the  must,  and  we  have  to  describe  those  to 
which  the  fermented  liquid  or  wine  is  subjected  and  fii'st  to  treat  of 
the  fortification  of  wine. 

It  is  alleged  that  the  addition  of  spmt  to  wine  is  rendered  necessary 
in  order  to  arrest  fermentation  and  so  to  avoid  acetification,  and  to 
make  the  wine  keep,  so  as  to  allow  of  its  bearing  the  voyage  from 
France,  Spain  and  Portugal  or  elsewhere  to  this  country,  but  if  all 
this  be  true,  then  it  would  follow  that  no  wines  can  be  imported  and 
kept  for  any  length  of  time  which  are  not  fortified.  But  this  we  know 
is  far  fi'om  being  the  case,  as  some  of  the  finest  and  most  costly 
wines  contain  but  a  moderate  amount  of  alcohol  and  yet  keep  and 
indeed  improve  by  keeping,  for  many  years. 

The  practice  of  adding  spirit  to  port,  sheny,  Madeira,  and  all  the 
stronger  wines  is  all  but  universal,  while  the  same  addition  is  con- 
stantly made  to  a  very  large  proportion  of  what  may  be  termed  the 
lighter  wines,  both  white  and  red,  and  including  alike  those  of  Germany 
and  France. 

It  is  a  grave  question  for  consideration  whether  this  practice  ought 
to  be  allowed  in  the  case  of  wine  to  be  regarded  as  geniune ;  and,  if 
allowed,  certain  limits  beyond  which  it  ought  not  to  be  caiTied  should 
be  specified,  these  probably  varying  to  some  extent  with  the  kind  of 
wine  operated  upon.  Supposing  it  to  be  conceded  that  the  addition  of 
spirit  is  in  some  cases  necessary  and  allowable,  yet  such  wines  ought 
to  be  classed  diiferently,  so  as  to  distinguish  them  from  natiu'al  wines 
or  those  the  direct  product  of  the  fermentation  of  the  juice  of  the  grape. 
Again,  those  wines  which  contain  added  grape  spirit  shoidd  be  distin- 
guished from  those  to  which  corn,  potato,  and  other  similar  spirit  has 
been  added.  In  fact,  in  no  true  sense  can  wines  which  have  been  thus 
treated  be  considered  as  genuine  gi-ape  wine ;  such  mixtiu-es  must  be 
regarded  as  artificial  productions. 

Again,  most  certainly  the  amount  of  spirit  added  should  be  con- 
fined within  the  limits  of  that  which  the  grape  itself  is  capable  of 
affording. 

We  know  really  that  the  spii-it  added  is  rarely  gi-ape  spu-it,  but  is 
that  derived  from  grain  or  the  potato,  while  the  wine  is  brought  up  to 
a  strength  far  beyond  that  which  grape  juice  can  yield— first,  because 
it  rarely  contains  sufficient  sugar  to  generate  such  a  quantity ;  and 
second,  because,  if  it  did,  fermentation  would  be  stopped  in  the  wine 
by  the  alcohol  formed  before  all  the  sugar  was  converted. 

The  composition  and  consequently  the  specific  gravity  of  grape  juice 
varies  much  in  accordance  with  a  great  variety  of  circumstances,  as 
the  soil,  the  condition  of  the  grape  as  to  its  ripeness,  and  climate. 
That  important  constituent,  sugar,  is  especially  liable  to  variation. 
From  data  given  by  Mulder  we  find  that  the  specific  gravity  of  the 
must  ranges  from  1-039  to  1-1283;  the  mean  of  all  the  gravities 
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"being  1-076.  From  these  gravities  he  deduces  the  following  ap- 
proximate results,  that  the  sugar  of  must  of  different  countries 
varies  between  13  and  30  per  cent.  Now  198  parts  of  sugar 
represent  and  are  convertible  into  92  parts  of  alcohol  by  weight, 
so  that  the  juice  of  French  and  German  grapes  should  furnish 
from  6  to  14  per  cent,  nf  alcohol,  equal  to  from  13-09  to  30-26  of 
proof  spirit,  but  since  in  the  manufactm-e  of  wine  some  of  the  sugar 
remains  unconverted  and  some  of  the  alcohol  is  evaporated,  the  yield 
of  alcohol  is  usually  less  than  that  stated,  so  that  the  maximum  yield 
may  be  taken  at  about  28  per  cent.,  and  this  is  really  found  to  be  some- 
what beyond  the  quantity  of  alcohol  furnished  by  the  strongest  of  the 
natm-al  wines,  the  sherries  and  ports  of  Spain.  Thudichum  and  Dupre 
state  that  the  must  of  Xerez  contains  from  14-6  to  24  per  cent,  of 
sugar,  and  that  therefore  it  can  only  by  fermentation  yield  from  14  to 
23"per  cent,  of  proof  spirit,  or,  talcing  one  sherry  with  another,  a  mean 
of  18-5  per  cent.  They  say  they  are  quite  certain  that  no  natural 
sherry  ever  ranges  over  12  per  cent,  of  alcohol  by  weight  equal  to  26  0 
per  cent,  of  proof  spirit. 

Five  samples  of  vino  fino  from  the  San  Lucar  districts,  a,nd 
which  were  declared  to  be  the  product  of  the  natural  fermeutatioii 
of  the  must,  were  found  to  contain  26-5  of  proof  spirit,  equal  to  17 
degrees  centigrade  on  Gay-Lussac's  scale  ;  27-2,  equal  to  17-6  per  cent, 
alcohol ;  26-5  proof  spirit,  27-9  or  nearly  18  per  cent,  of  alcohol,  and 
27-2  of  proof  spirit  or  17-5  per  cent,  of  alcohol.  These  quantities  are 
somewhat  above  the  highest  amount  given  by  Thudichum,  and  approach 
that  given  by  Mulder,  namely,  28  per  cent.  These  higher  figures  may 
probably  be  explained  by  the  circumstance  that  the  strength  of  a  wine 
m  alcohol  increases  somewhat  by  keeping. 

With  respect  to  the  strength  of  natural  wines  some  valuable 
information  has  recently  been'  obtained  by  the  Commissioners  of 
Customs,  through  Mr.  Keen,  one  of  then-  inspectors.  Of  654  samples 
of  wine  furnished  by  Spain,  282  were  found  to  be  free  from  added 
spii-it,  and  of  these  the  average  strength  was  ascertained  to  be 
24-10  degrees  of  proof  spirit.  Of  the  657  samples  of  Portuguese 
wines,  381  were  ascertained  to  be  natural  and  to  furnish  24-27  per 
cent,  of  proof  spirit. 

With  regard  to  fortified  loines  one  was  ascertained  to  have  a  strength 
of  56-7  degrees,  a  strength  not  much  inferior  to  that  of  old  Cognac 
brandy.  It  was  found,  however,  that  the  average  strength  ot"  the 
whole  of  the  Spanish  wines  tested,  including  the  272  which  had  been 
more  or  less  fortified,  amounted  to  28-10,  the  average  strength  of  the 
Portuo-uese  wines,  including  the  176  which  had  been  fortified, 
amounted  to  onlv  25-96 ;  but  it  must  not  be  supposed  that  tliese 
fioures  represent  the  average  strength  of  the  wines  sold  m  this  coimtry 
under  the  names  of  sheriT  and  port,  since  natural  wines  are  here 
rarely  met  with.  As  is  elsewhere  stated,  the  average  ot  samples  ot 
sherry  tested  by  us  reached  38-3  per  cent,  of  proof  spirit. 
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The  practice  of  fortification  is  not  at  an  end  even  when  the  wine 
reaches  this  country,  for  in  many  cases  it  receives  fiu-ther  doses  of 
spirit  in  our  bonded  warehouses  and  in  the  cellars  of  some  of  our  wine 
merchants.  Further  details  will  be  given  under  the  heads  of  several 
of  the  vidnes,  the  adivlteration  of  which  is  hereafter  considered. 

The  Flavowing  of  Wine. 

Not  unfrequently  the  flavour  and  aroma  of  wines  are  imitated  by 
various  artificial  means.  Thus  astrin(jency  is  imparted  by  means  of 
tannin  or  substances  containing  it,  as.  the  sawdust  of  oak,  or  a 
tincture  made  from  the  seeds  of  the  (/rape,  while  an  artificial  bouquet 
is  produced,  amongst  other  things,  by  means  of  extract  of  siveet  hriar , 
elderjiowers,  oms  root,  cherry  and  laurel  boater. 

It  is  by  means  of  a  tincture  made  from  the  flowers  of  the  elder- 
tree  that  the  Muscatel  flavour  and  bouquet  are  imparted  to  Moselle 
wine. 

The  Blending  of  Wine, 

Frequently  two  or  more  kinds  of  wine  are  mixed  together,  some- 
times with  a  view  either  to  the  production  of  a  more  drinkable  wine 
than  either  woiUd  be  in  its  separate  state,  but  often  in  order  to  suit 
the  taste  of  the  customer.  Wine  consumers  are  usually  ignorant  about 
the  principles  of  wine-growing,  and  they  demand  from  one  year  to  the 
other  exactly  the  same  quality  of  wine,  with  the  same  flavour,  strength, 
•and  appeai'ance,  notwithstanding-  that  the  same  quality  of  wine  i^ 
rarely  natm-ally  produced.  To  suit  this  demand  the  wines  are  blended, 
either  one  kind  with  another  or  by  the  addition  of  spirit  and  sugar, 
till  the  required  quality  and  strength  are  obtained :  thus  sherries,  as 
ordinarily  sold,  rarely  contain  less  than  17  or  18  per  cent,  of  alcohol, 
and  often  more. 

The  wine  gi-owers  themselves  hardly  ever  mix  several  qualities  of 
wine  together.  The  agents  for  export  buy  them  from  the  gTOwers 
and  blend  them  according  to  the  country  the  wines  are  to  go  to,  and 
the  diflerent  customers.  Olarets  are  especially  so  blended.  '  Chateau 
Neuf  du  Pape  is  used  as  "  doctor  "  to  feeble,  acid,  and  pale  wines  of 
bad  years.  Wine  of  the  Ermitage  goes  to  Bordeaux  and  is  there 
mixed  with  the  feebler  Gironde  wines.'  (Thudichmn.)  These  two 
famous  classes  of  wine  never  therefore  occur  in  a  pure,  unmixed  state 
in  commerce,  since  their  value  for  adulterating  Bordeaux  wines  is  too 
great.  A  second  kind  of  blending  frequently  practised  consists,  in  the 
case  of  sherries,  in  the  addition  of  small  quantities  of  stock  or  mother 
wines  termed  '  Soleras  ; '  see  p.  792,  and  in  the  case  of  champaane 
of '  Liqueur,'  which  consists  of  wine  of  the  best  description,  mixed 
with  sugar  and  usually  brandy.  The  very  best  wines  are  used  to  give 
to  the  first-class  champagnes  their  fine  flavour,  while  inferior  qualities 
receive  only  an  addition  of  brandy  and  sugar.  The  composition  of 
these  liqueurs  vaiies  according  to  each  description  of  wine,  weak 
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samples  requiring  more  spirit  than  strong  and  full-fla%'oured  wines. 
The  champagne  to  he  exported  to  different  countries  receives  different 
additions  :  thus  for  England  full-flavoured  wines  are  required,  and  only 
a  small  quantity  of  liqueur  is  added  ;  for  Russia  much  liqueur  is  added, 
diminishing  thereby  the  acidity,  and  making  the  champagne  appear 
sweet  and  flat ;  for  Austria  and  parts  of  Germany  it  is  manufactured 
very  sweet,  while  France  receives  only  a  moderate  quantity. 

Factitious  Wines. 
These  wines  are  manufactm-ed  on  an  enormous  scale,  certain  dis- 
tricts and  places  being  famous  or  infamous  for  the  manufacture.  One 
of  these  places  is  Cette,  in  Normandy,  where  those  who  follow  this 
trade  do  not  hesitate  to  place  over  their  doors  boards  with  the  announce- 
ment, '  Wines  Manufactured  Here.'   Another  is  Bingen  on  the  Rhine. 

By  the  term  factitious  wines  two  things  may  be  meant :  one,  that 
the  articles  denominated  wine  may  be  entirely  artificial  products,  not 
'  containing  any  wine  the  produce  "of  the  grape,  but  such  compounds 
ave  rarelv  manufactured ;  the  other,  that  the  wines  are  made  up  by 
various  additions  and  by  blending  in  imitation  of  certain  well-known 
descriptions  of  wine,  as  by  the  conversion  of  white  wines  into  red,  of 
claret  into  port,  of  certain  light  wines  into  sherry,  as  Hambm-g  or 
Hambro'  sherry,  and  many  other  like  practices. 

Lead  in  Wine. 

But  wine  not  unfrequently  contains  lead.  In  some  cases  this  is  an 
accidental  impm-ity  or  impregnation,  but  more  frequently  it  is  to  be 
regarded  as  an  adulteration. 

When  lead  is  accidentally  present  it  is  derived  from  the  shot  used 
in  cleaning  the  bottles. 

When  added  intentionally  to  wine,  it  is  so  for  the  purpose  of  pre- 
venting it  from  turning  sour. 

Dr.  Watson  *  states  that  the  practice  of  adding  lead  to  wme  was  at 
one  time  common  in  Paris. 

Dr.  Warren  *  relates  an  instance  in  which  thirty-two  persons  were 
made  seriously  ill  by  di-inking  wine  adulterated  with  lead ;  one  of  them 
died,  and  another  became  paralytic. 

In  Dr.  Ure's  '  Dictionary,'  we  find  these  remarks  m  relation  to  the 
use  of  lead  in  France  :— '  This  distemper  (excessive  acidity)  formerly 
gave  rise  to  the  very  dangerous  practice  of  adding  litharge  as  a 
sweetener,  whereby  a  quantity  of  acetate  or  sugar  of  lead  was  formed 
in  the  liquor,  productive  of  the  most  deleterious  consequences  to  those 
who  dranlc  of  it.  In  France  the  regulations  of  the  poUce  and  the  en- 
lightened surveillance  of  the  Council  of  Salubrity  have  completely  put 
down  this  gross  abuse.'  t.t  i  j 

Lastly  Graham,  in  his  '  Treatise  on  Wme  Making,'  published  manv 
years  since,  under  the  article  '  Secrets,'  belonging  to  the  mysteries  of 
1  '  Chemical  Essays,'  vol.  viii.  p.  3G9.        «  '  Medical  Trans.'  vol.  ii.  p.  80. 
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vintners,  recommends  lead  to  be  used  for  several  purposes.  The  follow- 
ing receipts  a^e  copied  from  that  work  : — 

'  To  hinder  Wine  from  turning. 

'  Put  a  pound  of  lead  melted  in  water  into  your  cask  pretty  warm, 
and  stop  it  close.' 

'  To  soften  Orey  Wine, 

'  Put  in  a  little  vinegar  wherein  litharge  has  been  well  steeped, 
and  boil  some  honey  to  di'aw  out  the  wax.  Strain  it  through  a  cloth, 
and  put  a  quart  of  it  into  a  tierce  (42  gallons)  of  wine,  and  this  ivill 
mend  it.' 

To  cure  Wine  of  its  Muddiness. 

A  lump  of  sugar  of  lead  of  the  size  of  a  walnut  and  a  tablespoonful 
-of  sal  enixum  are  directed  to  be  added  to  a  tierce  of  wine. 

Accum  has  the  following  remarks  in  reference  to  the  use  of  lead  in 
■  wine  : — 

'  The  most  dangerous  adulteration  of  vsdne  is  by  some  preparations 
I  of  lead  that  possess  the  property  of  stopping  the  progress  of  acescence 
i  in  wine,  and  also  of  rendering  white  wines,  when  muddy,  transparent. 
.  I  have  good  reason  to  state  that  lead  is  certainly  employed  for  this 
]  purpose.' 

'  Lead,  in  whatever  state  it  is  taken  into  the  stomach,  occasions 
:  terrible  diseases,  and  wine  adulterated  with  the  minutest  quantity  of  it 
I  becomes  a  slow  poison.  The  merchant  or  dealer  who  practises  this 
.  dangerous  sophistication  adds  the  crime  of  murder  to  that  of  fraud, 
;  and  deliberately  scatters  the  seeds  of  disease  and  death  amono-st  those 
>  consumers  who  contribute  to  his  emolument.  If  to  deface  the  ciuTent 
( coin  of  the  realm  be  denounced  as  a  capital  offence,  what  punishment 
•should  be  awarded  against  a  practice  which  converts  into  poison  a 
1  liquor  used  for  sacred  purposes  ! '  These  remarks  have  a  wider  applica- 
Ction  than  to  the  subject  of  the  adulteration  of  wine  with  lead. 

It  appears  that  no  real  necessity  ever  exists  for  having  recourse  to 
I  lead  to  remedy  the  more  usual  defects  of  wine. 

It  may  here  be  stated  that  the  muddiness,  and  especially  the  ropi- 
cness  and  viscidity  of  wine,  are  due  to  the  presence  of  an  azotised  matter 
iprecipitable  by  means  of  tannin.  It  is  in  white  wines  deficient  in 
t  tannin  that  this  malady  chiefly  occm-s.  M.  Francois  recommends  for 
i  its  cure  the  use  of  the  bruised  berries  of  the  moimtain  ash  in  a  some- 
(■what  unripe  state,  and  of  which  one  pound  well  stirred  in  is  sulficient 
for  a  baiTel.  '  When  wine  becomes  stringy,  in  which  case  acetic 
land  lactic  acids  are  formed,  it  may  be  improved  by  adding  a  little 
•tea.  About  one  ounce  of  tea  boiled  in  two  quarts  of  water  should 
>be  added  to  about  forty  gallons  of  wine.  Bitter  wine  is  treated  vdth 
hard  water  or  8ulphiu-,bad  smelling  wine  vnth  charcoal,  too  astringent 
■wine  with  gelatine,  wine  which  tastes  of  the  cask  with  olive  oil.'— 
Parkes. 

The  wines  of  the  adulteration  of  which  we  propose  to  treat  are 
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chieEy  Shernj,  Madeira,  Cape,  Port,  French  red  loines,  aiampagne, 
Oerman,  Greek,  and  Australian  wines. 

SHEKRY  AND  ITS  ADULTERATIONS. 

The  gi-apes  from  which  this  wine  is  made  are  white  ;  they  are 
grown  in^the  province  of  Andahisia,  near  Cadiz,  in  Spain :  those  which 
fm-nish  the  hetter  qualities  of  wine  are  cultivated  in  the  vineyards 
surrounding  the  town  of  Xeres  de  la  Frontera,  and  hence  the  wine  is 
called  the  wine  of  Xeres.  ,       ,  .     .  „ 

The  <n-eatest  care  and  labom"  are  bestowed  upon  the  cultivation  ot 
the  vines  from  the  fruit  of  which  sherry  is  made. 

The  grapes  are  not  gathered  imtil  they  are  very  ripe,  and  even 
somewhat  shrivelled  with  the  heat  of  the  sun ;  sometunes  the  fruit 
after  being  plucked  is  exposed  to  the  sim  for  a  day  or  two,  and  for  the 
very  best  wine  the  finest  grapes  only  are  used. 

The  fermentation  is  continued  imtil  nearly  all  the  sugar  has  become 
converted,  and  the  wine  is  often  not  drawn  off  for  four  or  five  months 
after  the  commencement  of  fermentation.  It  is  at  first  of  a  pale  straw 
colour,  but  darkens  with  age.  Sometimes,  however,  a  peculiar  colour- 
ino-  liquid,  termed  '  arrope,'  is  added.  This  is  prepared  by  boiling 
sherrv  down  to  a  syrup.  It  is  by  the  addition  of  this  substance  that 
the  dark  sherries  are  prepared. 

The  sherry  termed  Amontillado,  and  which  at  the  present  time  is 
so  much  in  favour  with  us,  is  a  very  dry  wine.  A  singular  fact  with 
regard  to  this  wine  is  that  its  peculiarities  are  not  due  to  any  ascer- 
tained causes  capable  of  imitation,  but  are  entirely  accidental  so  far  as 
the  manufacture  is  concerned.  In  attempting  to  prepare  it  the  fruit 
is  plucked  at  a  much  earlier  period,  and  trodden  by  the  peasants ; 
but  of  a  hundred  butts  of  wine  made  from  the  same  grapes  and  by 
the  same  process,  some  only  will  be  Amontillado  and  some  ordinary 

^^^^  Sherry  bears  too  high  a  price  and  is  too  extensively  consumed  to 
escape  the  hands  of  adulterators.  . 

AH  sherries  should  be  divided  into  three  classes  ;  1st,  genuine  and 
natm-al  sherries,  the  produce,  without  the  addition  of  any  kind,  of  the 
iuice  of  the  grape;  2nd,  fortified  shern%&,  strengthened,  sweetened, 
and  colom-ed  ^th  spirit,  sugar,  and  coloming  all  derived  from  the 
o-rape  •  and  3rd,  adulterated  sherries,  not  wines  really,  not  sherries  at 
all  but  mixtm-es,  fortified,  sweetened,  and  coloured  with  spirit,  sugar 
Ink  colouring  not  derived  from  the  grape.  These  mixtures,  it  sold  at 
all  under  the  name  of  sherry,  must  certainly  be  regarded  as  adulterated. 
If  this  view  be  not  enforced,  then  it  follows  that  all  mixtures  of  foreign 
snirit  suffar,  and  colouring,  with  possibly  a  dash  of  genmne  grape 
Sine 'must  be  accepted,  drunk,  and  paid  for  by  the  pubhc  as  sheriy, 
and  on  the  same  footing  as  the  reaUy  genuine  products  of  the  grape. 

Now,  from  aU  we  know,  and  all  we  can  learn,  there  is  scarcely  a 
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single  natural  sherry  in  this  country,  that  is  to  say,  a  sherry  which 
belongs  to  the  first  division,  and  which  consists  solely  of  the  fermented 
juice  of  the  grape  without  addition  of  any  kind. 

Thudichiim  and  Dupre  state  that  no  natiu-al  sherry  ever  contains 
more  than  12  per  cent,  of  alcohol  by  weight,  and  we  may  safely  conclude, 
when  more  than  that  amount  is  present,  it  has  been  fortified.  They 
■write  now  however — '  Some  Amontillados  and  sherries  are  offered  for 
sale  which  in  their  alcoholicity  (12  to  13'6  per  cent.)  closely  approach 
the  undoubtedly  unbrandied  and  natural  wines  of  the  Rheingau  and 
Sauternes,  though  containing  about  one  or  two  per  cent,  more  than 
these.  Their  taste  is  freely  vinous,  rich,  pure,  mellow,  and  quite  free 
from  heat  or  the  taste  of  added  spirit.' 

That  there  should  be  no  natiu-al  sherry  in  this  country  is  certainly 
very  exti-aordinary,  since  these  wines  are  largely  produced  and  con- 
sumed in  the  countries  in  which  sherry  is  made.  In  explanation  of 
this  absence  of  genuine  sherry  in  this  countiy,  it  is  said  that  it  will 
not  stand  the  voyage,  and  that,  if  it  would,  it  is  such  a  different 
article  to  that  to  which  the  British  public  has  by  long  abuse  become 
accustomed,  that  it  would  not  be  drunk.  We  decline  to  accept  either 
of  these  statements ;  we  see  no  reason  whatever  why  natm-al  sherry, 
with  its  alcohol  reaching,  in  some  cases,  as  high  as  27,  or  even  possibly 
28  per  cent,  of  proof  spirit,  should  not  bear  the  voyage  and  keep  quite 
as  well  as  the  wines  of  France,  Germany,  Hungary,  and  Greece. 
Further,  we  see  no  reason  for  believing  that  well  and  carefully  pre- 
pared natural  sherry,  if  introduced  into  this  country,  would  not  be 
approved  and  consumed.  No  doubt  the  palates  of  the  wine-drinkers 
of  this  country  have  been  seriously  vitiated  and  perverted,  and  that 
they  have  been  taught  to  some  extent  to  like  the  fiery  and  saccharine 
compounds  and  liquors  vsdth  which  they  have  been  supplied  under  the 
name  of  sherry ;  no  doubt,  also,  that  if  a  quantity  of  sugar  be  added  to 
sherry  it  becomes  necessary  to  fortify  it  with  much  spirit  to  prevent  a 
secondary  fermentation  setting  in ;  but  we  hold  that  these  strongly 
fortified  wines  are  not  sherries  in  any  proper  or  strict  sense ;  that 
their  habitual  consumption  in  an  undiluted  form  is  injurious  to  the 
stomach,  impedes  and  deranges  digestion,  over-stimidates  the  nervous 
system,  and,  in  fine,  impairs  the  general  health.  The  drinking  of  such 
wines  is  a  form  of  dram-drinking,  and  is  a  worse  habit  than  the 
drinking  of  spirits  and  water,  because  these  wines  are  usually  very 
much  stronger  than  spirits  and  water  as  ordinarily  consumed.  Spirits 
are  mostly  drunk  in  the  proportion  of  a  wineglass  of  spirit  made 
up  with  water  to  a  tumblerful.  Now,  such  a  mixtui-e  will  usually 
contain  about  from  16  to  20  per  cent,  of  proof  spirit,  whereas  most 
sherries  sold  in  this  country  contain  nearly  40  per  cent. 

We  have  said  that  scarcely  a  single  natural  sherrv  is  to  be  met 
with  in  this  country.  The  very  finest  and  purest  shemes  imported 
belong  to  our  second  division,  and  are  fortified  with  grape  spirit  only, 
or  with  grape  spirit,  grape  sugar,  and  grape  colouring,  accordmg  to  the 


768  WINE  AND  ITS  ADULTERATIONS. 

kind  :  but  tlie  meat  buUi,  we  fear,  of  the  sherries  consumed  in  Great 
Britain  are  to  be  referred  to  the  third  division,  and  contain  foreign 
spirit,  foreign  sugar  and  colouring,  and  are,  m  fact,  mixed  and  adul- 
terated articles.  ,        ^  ,     •       .1.       •  x  i,vu 

But  there  is  really  a  fourth  class  of  shemes-those  into  which 
very  little  wine  at  all'really  enters,  or,  if  it  does,  it  is  wine  of  a  totally 
diffk-ent  class  and  name:  to  this  class  belongs  Hambro  sheriy  ;  and 
since  this  name  has  become  somewhat  a  term  of  reproach,  the  name 
of  Elbe  sherry  has  to  some  extent  been  substituted ;  and  to  this  class 
also  belongs  much  of  the  cheap  sherry  so  extensively  advertised  and 
consumed,  and  so  commonly  vended  at  public-houses  and  restaurants 

The  adulteration  of  sherry  commences  with  the  must  or  juice  of 
the  ffrape  itself,  which  is  almost  constantly  prior  to  fermentation 
dusted  over  as  already  described  at  length  with  a  considerable 
quantity  oi plaster  of  Paris  or  sulphate  o/fee  ;the  commoner  vaneties 
being  not  only  plastered,  but  also,  as  already  noticed  impregnated 
S  the  fumes  derived  from  burning  sulphnr  The  following  par- 
ticulars in  reference  to  the  manufacture  and  adulteration  of  sherry 
are  taken  from  the  letter  of  Dr.  Thudichum  to  the  '  Times,'  already 

'^''°^m'must  ferments  in  the  sheds  caUed  bodegas  there  being  no 
cellars  properly  so  called  at  Xeres.  In  a  fortnight  the  sugar  has  all 
5er  r>ted  awL,  and  the  must  is  transformed  into  wine  This  is 
aUowed  to  depo;it  its  lees  during  some  months,  and  is  racked  in  the 
?o  low  ng  Febiuarv  or  Marcli.  On  this  occasion  some  brandp  is  added 
to  X  wine,  by  which  its  alcoholicity  rises  to  about  29  per  cent,  of 
Soof  s3  In  spring  and  early  summer  the  wine  (still  termed 
-  mosto'^'  and  so  to  the^ime  of  the  next  harvest)  undergoes  what  is 
temed  its  first  evolution,  and  after  that  is  ready  for  further  prepa- 

''*'"This  consists  in  the  addition  of  various  ^^^i^^i^'^J^TJI'^Jl  ^^^^^^^ 
Pnlour  sweetness  spirit,  and  flavour.  Colour  is  imparted  by  the_addi- 
tioZf  Fo5-d  by  the  boiling  down  in  coi>pers  o  prevxou^y 

T^Kstered  CTape  iuice  :  the  brown  syrup  is  dissolved     ^ine  and  spint, 
St  to  fo?m  a  V  brown  liquid,  containing  from  35   0  50  per  c^^^^^^ 
r  tArmed  "  color.    or  "  vmo  de  color.      x'  lequentiy 

fjZmATcL  -ed  instead  of  that  made  Irom 

Sa^s    Some  colour  is  made  from  the  juice  of  rotten  or  otherwise 
-rapes.    Sweetness  is  imparted  by  the  addition  of    dulce  - 
that  is  mTt  made  from  grapes'  dried  for  some  days       the  sun 
io  wScr  one-sixth  of  its  volume  of  spirit  of  the  sti^^^^^h  of  40 
hv  Oa  tier's  alcoholometer,  has  been  added  (a  process  by  jb^^li  aU 
fimentaSon  becomes  impossible),    f  f  ^  ^^^red  htres 
Sin  therefore,  19  litres  of  absolute  alcohol,  equal  to  33  78  per  cen..  01 
xTroof  spTrit  Wour  is  imparted  by  the  addition  of  some  old  selected 
proot  spirit.  1  lav  ^^11^  <  soleras.'  Ultimately  brandy  is  added 

rSe^xtu;:  X^teS  of  Wrj^^^  it  up  to  35-  aa  tLe 
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most  frequently  up  to  40  or  42,  and  sometimes,  as  your  custom-house 
correspondent  proved,  up  to  60  per  cent,  of  proof  spirit. 

'  In  a  butt  of  ordinary  sherry  (40  jars)  there  is  mostly  one-fifth  of 
its  volume  of  dulce  (eight  jars) ;  consequently,  about  one-sixth  of 
unfermented  grape  juice,  and  which  remains  unfermented.  The  better 
sherries  are  made  less  sweet,  and  only  the  few  finest  varieties  are  left 
unsweetened.  The  "  dulce"  is  never  plastered,  and  therefore  its  addi- 
tion depresses  a  little  the  large  quantity  of  sulphate  of  potash  introduced 
by  the  "  colour." 

'  Sherries  contain  from  1^  to  8  grammes  of  sulphuric  acid  as  potash 
salt  per  litre  (equal  to  from  17-5  to  93-3  grains  per  bottle  of  one-sixth 
gallon),  and  the  more  the  older  and  better  they  are :  most "  soleras" 
are  near  the  highest  figure.' 

According  to  Mr.  Bernard  a  butt  of  sherry  intended  for  the  English 
market  in  1860  was  made  up  as  follows  : —  ° 

1  jar  of  spirit,  about  60  o.p.  10  jars  of  dry  wine,  1854. 

8  jars  of  sweet  wine,  or  dulce.  14  jars  of  dry  wine,  1859. 

7  jars  of  soleras  or  mother  wine.  40  jars  of  sherry. 

Previous  to  its  exportation,  a  portion  of  brandy  is  nearly  always 
:  added  to  sherry.    The  practice  of  brandying  wine  is  a  very  objection- 
;  able  one,  since  it  cannot  fail  to  injure  the  delicacy  of  the  flavoiir  of 
•  the  wine,  and  to  retard  those  natural  changes  in  it  consequent  upon 
keeping,  and  which  are  so  improving  to  its  quality. 

Low-priced  shenies  are  imported  from  Spain  at  about  181.  per 
1  butt,  expressly  for  adulteration.    On  their  arrival  they  are  mixed  with 
Cape  toine  and  cheap  brandy,  and  the  mixture  is  flavoured  in  imitation 
>  of  good  sherry,  the  colom-  being  either  increased  or  diminished  accord- 
i  ing  as  brown  or  pale  sherrv  is  required. 

'  There  is  a  place  at  Cadiz  called  the  Aguada,  where  inferior 
'wines  are  received  from  various  pai-ts  of  Spain  for  the  pm-pose  of 
I  mixing  sherry  to  be  shipped  to  England  and  other  countries  as  sherry 
'  wine.  The  wine  from  the  Oondado  de  Niebla  is  preferred  to  any  other 
1  wine  for  mixing.' — Thudichum  and  DuprS. 

At  the  Bay  of  Rosas  also  there  is  a  mixing  station,  where  wines 
'  are  prepared  for  North  and  South  America. 

The  author  of  the  '  Tricks  of  Trade'  states  that  at  Oette,  in  France, 
.  gi-eat  quantities  of  sheiTy  are  made  up  and  shipped  for  the  English 
market,  the  composition  of  which  is  nothing  more  than  a  cheap  white 
wine,  strengthened  with  brandy,  coloured  with  treacle,  and  flavom-ed 
^with  almonds. 

_  Lastly,  the  same  writer  states,  a  kind  of  sherry  is  manufactured  in 
t  this  country,  the  basis  of  which  is  pale  malt  and  mgar  candy,  a  small 
1  quantity  of  French  brandy  and  inferior  vnne  being  added  to  flavour 
t  the  mixture. 

_    The  practice  of  restoring  muddy  or  ropy  wines  by  means  of  lead 
!j  18  also  resorted  to  in  the  case  of  sherry  and  most  of  the  other  wines. 

3  D 
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Genuine  sherry  is  a  very  wholesome  wine,  in  consequence  of  its 
freedom  from  acidity,  sugar,  and  other  extractive  matters.  _ 

\  variety  of  sherry,  the  well-known  Manzamlla,  is  produced  in 
the  district  of  San  Lucar;  the  grape  from  which  it  is  made  is  said  to  be 
full  of  flavour  and  to  ripen  early.  '  The  wine  is  rank  and  common,  but 
improves  in  taste  and  flavoui-  by  keeping.  When  its  fermentation  is 
perfect  it  is  of  light  body,  light  colour,  and  has  great  lasting  quaUties  ; 
but  withal  it  is  so  peculiar  that  a  person  unaccustomed  to  it  would 
believe  it  to  be  a  medicinal  tincture  rather  than  a  wine,  and  require 
some  length  of  time  to  habituate  himself  to  its  enjoyment.'— TVjimZj- 

''^"Tgo^e^erive  the  name  from  the  town  of  Mauzanilla  in  the  Con- 
dado^le  Niebla,  near  Sevilla.  Others  believe  it  to  be  derived  from  man- 
zana  an  apple.  Others  again  think  that  its  taste,  flavom-  and  fragi-ance, 
and  slia-ht  bitterness  remind  of  the  camomile  flower  •,  and  that,  as  this 
is  termed  ManzanUla,  the  wine  was  called  after  it.  It  is  also  alleged, 
but  by  no  means  proved,  that  some  descriptions  of  Manzamlla  wme 
are  produced  by  the  addition  to  ordinary  wine  of  essential  oil  of  camo- 
mile aud  other  ingredients.'-  Thuclichum  and  Dupre 

The  wine  which  is  produced  in  the  island  of  Sicily  known  as 
Marsala,  when  exported  to  England  is  always  brandied,  and  most  of 
that  which  arrives  there  is  made  up  in  imitation  of  sherry.  iNever- 
theless,  very  excellent  Marsala  is  frequently  met  with  in  this  country. 

We  will  now  proceed  to  set  forth  the  results  of  the  analyses  of  a 
CTeat  variety  of  wines  of  the  sherry  class.  Before  doing-  so,  we  will 
make  a  few  remarks  on  the  principal  sali7ie  and  mineral  substances  pre- 
sent in  the  iuice  of  the  grape  and  in  the  wme  made  therefrom.     _  _ 

The  principal  saline  and  mineral  substances  present  in  grape  juice, 
as  already  elsewhere  stated,  are  free  ta7-tar{c  ^rid  mahc  acids  tar- 
irate  of  potash,  tartrate  of  lime,  sulphate  of  potash,  chloride  of  sodium, 
phosphates  of  lime  and  magnesia,  manganese,  irmi,  and  siltctc  acid,  ihe 
malic  acid  occui-8  in  laargest  proportion  in  unripe  gi-apes  .  _ 

The  different  proportions  of  the  inorganic  constituents  ol  wine 
exert  an  important  influence  upon  the  quality  of  the  wine.  It  is,  how- 
ever much  to  be  regretted  that  very  few  reliable  analyses  exist  ol  the 
ash  of  pure  must,  and  particularly  ,of  that  from  which  sheiry  is  ob- 
tained and  still  fewer  of  the  ash  of  pm-e  and  natm-al  sherry;  so  that 
+here  are  but  slight  data  to  go  upon  whereby  the  exact  amoimt  and 
Composition  of  the  ash  either  of  the  pure  must  or  the  pure  sherry  may 
be  determined.  As  far  as  the  analyses  recorded  go,  it  would  appear 
+hit  the  ash  of  genuine  sherry  amounts  to  about  0-25  per  cent,  o  the 
wbe  equal  to  fbout  29-2  grains  per  bottle  of  one-sixth  of  a  gaUon, 
Tud  tbe^  sulphuric  acid  to  about  0-013,  equal  to  1-4  gram  per  bottle. 
r«  will  appear  hereafter,  these  data  are  of  considerable  TPortance  in 
theTetermination  of  the  questions  of  the  genuineness  and  of  the  plas- 
tering of  the  shen-ies  and  other  wines,  the  results  of  the  analvBis  of 
wbich  are  about  to  be  stated  in  detail 
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984-0 

1003-34 

Absolute  alcohol  by) 
weight      .      .  J 

XO  oou 

20-333 

Proof  spirit  . 

35-03 

31-73 

84-32 

36-80 

43-61 

33-66 

Grape  sugar  . 

4-016 

0-087 

1-553 

0-991 

0-780 

3-598 

Cane  sugar  . 

none. 

none. 

none. 

none. 

none. 

none. 

Tartaric  acid 

0-405 

0-426 

0-411 

0-376 

0-306 

0-485 

Acetic  acid  . 

0-049 

0-067 

0-042 

0-021 

0-050 

0-054 

Sulphuric  acid 

0-113 

0-206 

0-087 

0-087 

0-163 

0-136 

Phosphoric  acid  . 

0-027 

0-021 

0-02C 

0-017 

0-023 

0-059 

Total  '!olid<! 

6-493 

3-005 

3-322 

2-422 

/  4o4 

5-963 

Ash  

0-411 

0-602 

0-629 

0-532 

0-404 

0-412 

Nitrogen 

0-030 

0-024 

0-025 

0-020 

0-028 

0-034 

Alkalinity  of  ash  . 

0-028 

0-044 

0-019 

0-019 

0-028 

0-026 

Sulpliate  of  potash,! 
grains  per  bottle  j 

28-7 

52-2 

21-9 

21-9 

41-3 

34-6 

Bitartrate  of  potash,) 
grains  per  bottle  J 

13-2 

20-4 

8-8 

8-8 

12-8  1 

12-0 

1 1 


Spec.  grav.  at  15-5°  C.  . 
Absolute  alcohol  hy\ 
weight      .      .  J 
froof  spirit  . 
Grape  sugar  . 
Cane  sugar  . 
Tartaric  acid . 
Acetic  acid  . 
Sulphuric  acid 
Phosphoric  acid 
Total  solids  . 
Ash 

Nitrogen 
Alkalinity  of  ash 
!>nlphate  of  potash,) 
grain"  per  bottle  j 
j  Bitartrate  of  potash,  1 
1^  grains  per  bottle  J 


3  D  2 


Old  Buhol 
Madeira. 

Old  Madeira. 

Cadiz  Sherry. 

o 
.£3 
OS 

Sherry. 

Pale  Sherry. 

1002-08 

1000-65 

990-1 

988-9 

993-2 

990-2 

16-084 

16-155 

17-584 

18-923 

18-928 

17-903 

34-83 

34-93 

37-83 

40-64 

40-64 

38-62 

2-348 

3-652 

1-243 

1-264 

2-680 

1-018 

none. 

none. 

none. 

none. 

none. 

none. 

0-526 

0-531 

0-432 

0-397 

0-324 

0-360 

0-088 

0-054 

0-026 

0-071 

0-099 

0-036 

0-132 

0-135 

0-210 

0-071 

0-163 

0-178 

0-084 

0-067 

0  010 

0-018 

0-019 

0-012 

6-409 

5-925 

2-764 

3-174 

4-406 

3-594 

0-349 

0-342 

0-500 

0-474 

.  0-444 

0-466 

0-022 

0-018 

0-025 

0-022 

0-023 

0-027 

0-036 

0-053 

0-009 

0-006 

0-008 

0-010 

33-5 

84-1 

53-3 

18-0 

89-6 

45-0 

16-8 

24-8 

4-0 

2-8 

3-6 

4-8 
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Spec.  grav.  at  15'5°  C 
Absolute  alcohol  by 

weight 
Proof  spirit  . 
Grape  sugar  . 
Cane  sugar  . 
Tartaric  acid 
Acetic  acid  . 
Sulphuvic  acid 
Phosphoric  acid 
Total  solids  . 
Ash 

Nitrogen 
Alkalinity  of  ash 
Sulphate  of  potash,! 

grains  per  bottle  f 
Biiartrate  of  potash,) 

grains  per  bottle  j 


Restaurant 
Sherry. 

Public-house 
Sherry. 

Pubhc-house 
Sherry. 

PubUc-house 
Shei-ry. 

Public-house 
Shex-ry. 

g 
.a 

S 

"o 
u 

a 

a 

a 
K 

Hambro*  Sherry. 

991-8 

993-7 

997-9 

990-8 

S95-8 

995-3 

986-5 

18-538 

18-847 

18-154 

1/004 

18-613 

17-250 

39-83 

2-  493 
none. 

0-360 
0-045 
0-096 
0-022 

3-  926 
0-326 
0-017 
0-016 

40-47 
1-754 
1-350 
0-445 
0-025 
0-216 
0-022 
4-888 
0-502 
0-029 
0-008 

39-03 
1-421 
1-741 
0-360 
0-066 
0-135 
0-017 
5-776 
0-390 
0-027 
0-OlC 

37-84 
2-055 
0-711 
0-330 
0-074 
0-192 
0-0-25 
4-082 
0-482 
0-020 
0-012 

39-19 
1-948 
1-951 
0-368 
0-045 
0183 
0-0-24 

5-  594 
0-48C 

6-  028 
0-OOE 

39-99 
4-383 

none. 
0-285 
0-006 
0-034 
0-015 
4-976 
0-1-24 
0-018 
0-0 13 

37-13 

1-  753; 
0-481 
0-219 
0-123 
0  007 
0-005 

2-  907 
0-145 
0-018 
0-012 

24-4 

54-6 

33-9 

48-7 

46-5 

8-5 

1-7 

7-6 

3-6: 

4-8 

5-6 

■  2-4 

6-0 

5-6 

Spec.  grav.  at  15-5°  C. . 
AbsoKite  alcohol  byl 
weight      .       .  j 
Proof  spirit  . 
Grape  sugar  . 
Cane  sugar  . 
Tartaric  acid 
Acetic  acid  . 
Sulphuric  acid 
Phosphoric  acid  . 

Total  solids  . 

Ash      .      .  . 

Alkalinity  of  ash  . 

Sulphate  of  potash,"} 
grains  per  bottle  j 


Sherry. 

Sherry. 

Sherry. 

Sherry. 

Xeres. 

Vino 
fine. 

Espe- 
rado. 

j984-8 

986-2 

994-2 

997-0 

1-0584 

983-0 

988-1 

16-154 

17-33 

17-582 

17-453 

13-23 

18-23 

17-25 

34-94 
0-145 

0-307 
0-065 
0-230 

0-  019 

1-  610 
0-472 

37-31 

1-  382 

0-360 
0-042 
0-216 
0-024 

2-  499 
0-472 

37-83 
2-524 

0-372 
0-041 
0-198 
0-021 
4-736 
0-500 

37-51 

3-  118 

0-373 
0-020 
0-189 
0-025 

4-  892 
0-483 

28-62 
5-82 
16-35 

1  0-153 

23-89 
0-14 

39-19 

1-  401 

0-331 
0-028 
0-206 
0-016 

2-  221 
0-342 

37-13 

1-  97 

0-390 
0042 
0-181 
0-018 

2-  74 
0-440 

0-04C 

— 

68-23 

54-7 

50-1 

47-9 

52-31 

45-82 
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Sherry. 

Hamburg  Sherry. 

Manza- 
nilla. 

opec.  grav.  at  15'5°  C.  . 

990"9 

99r3 

ya/  4 

yoy  0 

988-4 

ADsomte  alcohol  by } 
weieht      .      .  j 

17-307 

18-231 

18-361 

17-094 

17-563 

18-230 

12-384 

Proof  spirit  . 

37-26 

o9  19 

on. A'? 

Q7.7Q 

o/  /y 

oo  ly 

26-81 

Grape  sugar . 

— 

4-527 

6-147 

3-838 

5-106 

6-200 

0-184 

Cane  sugar  . 

0-430 

Tai-taric  acid 

0-432 

0-437 

0-372 

0-355 

0-352 

0-346 

0-375 

Acetic  acid  . 

0-019 

0-019 

0-023 

0-047 

0-045 

0-039 

0-097 

oulpnunc  acid 

0-154 

0-026 

0-019 

0-023 

0-020 

0-054 

0-041 

Phosphoric  acid  . 

0-021 

0-017 

0-018 

0-018 

0-015 

0-0-21 

Total  solids  . 

3-134 

6-930 

6-768 

4-628 

6-3-24 

6-522 

l':)34 

Ash  .... 

0-SOO 

0-088 

0-11-6 

0-131 

0-166 

0-344 

0-243 

Alkalinity  of  ash  . 

0-033 

0-021 

0-028 

0-030 

0-038 

0-061 

Sulphate  of  potash,  I 
grains  per  bottle  J 

38-99 

6-24 

4-81 

11-93 

5-06 

13-67 

10-37 

Sherries  from  the  Puro  Wine  Association. 

Spec.  grav.  at  15-5°  C. . 

988-8  j 

988-3 

992-1 

986-8 

994-8 

989-8 

985-9 

Absolute  alcohol  by) 
■weii^ht.     .       .  j 

12-066, 

12-231 

14-909 

16-384 

14-636 

14-364 

15-667 

Proof  spirit  . 

26-12  ' 

26-49 

32-38 

35-40 

31-71 

31-09 

33-97 

Grape  sugar . 

0-242 

0-308 

8-265 

0-804 

2-273 

0-585 

1-683 

Cane  sugar  . 

Tartaric  acid 

0-307, 

0-322 

0-380 

0  307 

0-292 

0-312 

0-304 

Acetic  acid  . 

0-066 

0-048 

0-107 

0-048 

0-130 

0-057 

0-038 

Sulphuric  acid 

0-029 

0-043 

0-029 

none. 

0-044 

0-027 

0-044 

Pbusphoric  acid  . 

0-022 

0-025 

0-027 

0-029 

0-027 

0-019 

0-031 

Total  solids  . 

1-940 

1-991 

3-472 

2-602 

3-703 

2-856 

2-448 

Ash  .... 

0-278 

0-293 

0-249 

0-228 

0-294 

0-260 

0-272 

Alkalinity  of  ash  . 

0-089 

0-094 

0-083 

0-090 

0-086 

0-087 

0-099 

Sulphate  of  potash,  | 
grains  per  bottle  j 

7-34 

1 

10-85 

7-34 

none. 

11-14 

6-84 

11-14 

Reviewing  tlie  first  thirty-two  analyses  above  g-iven,  it  appears : — 

1.  That  thirty-one  of  the  thirty-two  samples  are  fortified  with 
extraneous  spirit  to  a  large  extent.  This  spiiit,  douhtless,  in  nearly 
all  cases,  and  prohahly  in  every  instance,  is  derived  either  from  corn, 
beetroot,  or  potato,  and  not  fr-om  the  grape.     While  the  average 

i  amomit  of  proof  spirit  furnished  by  the  must  from  whicJi  sherries  are 
made  at  Xeres,  according  to  the  best  authorities,  is  about  19  per  cent., 
the  lowest  quantity  found  by  the  author  was  28-62,  and  the  highest 
43-61,  the  mean  of  all  the  analyses  being  37-44.    In  fact,  the  quan- 

;  tity  of  spirit  added  falls  not  very  far  short  of  that  actually  furnished 
by  the  fermentation  of  the  grape  juice  itself. 

2.  That  twenty-six  of  the  thu-ty-two  samples  of  wine  were  de- 
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cidedly  plastered.    The  quantity  of  sulphate  of  potash  found  in  the 
wines,  after  deducting  six  grains  per  bottle,  being  the  full  amount 
met  with  in  natural  sherry,  ranged  from  12-0  per  bottle  to  52-23  grains, 
if  we  exclude  the  artificially  compounded  Hambro'  shemes.  These 
quantities  give  72-0  grains  as  the  lowest,  and  313-38  grains  as  the 
hitchest  amount  per  gallon.     It  will  be  seen  therefore  that  these 
analyses  bear  out  the  statement  of  Dr.  Thudichum  that  all  the  shemes 
imported  into  this  country  are  plastered— that  is  to  say,  the  miist  is 
dusted  over  with  plaster  of  Paris  or  sulphate  of  lime;  m  addition  to 
which  it  is  also  frequently  impregnated  with  the  fumes_  of  burning  sul- 
phur, whereby  a  still  fm-ther  quantity  of  sulphuric  acid  is  introduced 
into  the  wine.    Thudichum  gives  the  quantity  of  sulphate  ot  potash 
contained  in  sherries  as  varying  from  36-1  to  169-2  grains  per  bottle  of 
one-sixth  of  a  gallon,  or  per  gallon  fi-om  216-6  to  1015-2  grams.  It 
will  be  seen  that  our  highest  quantity  per  bottle  amounts  to  58-2,  and, 
deductino-  6  grains  for  the  full  normal  amount  ever  present,  there 
remain  313-4  grains  per  gallon,  or  about  three-quarters  of  an  ounce  ; 
the  quantity  of  sulphate   of  potash  therefore  met  with  in  these 
analyses  is  much  below  the  amount  given  by  Dr.  Thudichum,  namely, 
rather  over  two  and  a  quarter  ounces.  _ 

3.  That  in  addition  to  the  fortifying  and  plastering,  seven  ot  the 
wines  contained  considerable  amounts  of  cane  s>u/ar,  the  presence  ot 
which  affords  of  course  clear  evidence  of  adulteration.  _ 

4  That  some  of  the  Hambro'  and  public-house  shenies  contamed 
very 'little  wine  at  all,  but  consisted  chiefly  of  spirit,  sugar,  and 
water,  flavoured  ;  in  fact,  these  mixtures  could  hardly  be  said  to  have 
any  claim  to  be  regarded  as  wines  at  all. 

5  That  in  striking  contrast  with  the  above  results,  m  respect  to 
the  amounts  of  alcohol  and  sulphate  of  potash  found,  are  the  wmes 
of  the  Pure  Wine  Association— these  being  for  the  most  part  un- 

brandied  and  unplastered.  i,;„i,^af 
We  have  stated  that  several  of  the  samples  were  of  the  highest 
quality  obtainable  in  this  coimtry,  and  were  tested  m  order  to  im-nish 
the  best  procurable  standards  for  comparison;  and  yet  excellent  as 
many  of  those  samples  were,  judged  by  the  only  standards  ye  haveto 
guide  us  in  this  country,  it  will  be  seen  that  not  one  of  the  thirty-two 
wines  examined  can  be  regarded  as  the  pm-e  and  natural  product  of  the 
grape  alone. 

MADEIEA  AKB  ITS  ADULTERATIONS. 

The  different  qualities  of  Madeira  are  distinguished  as  south  and 
north  wines,  according  to  the  side  of  the  island  on  which  the  plants 
were  Jown  from  whkh  the  wine  was  made,  the  foi-mer  being  three 
times  more  valuable  than  the  latter.  „  , ,  ,  .  •  • 

In  The  manufacture  of  the  better  qualities  of  Madeira,  the  juice  is 
expressed  by  trampling  on  the  grapes ;  this  is  drawn  ott,  and  a  lurther 
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quantity  of  juice  obtained  hj  the  action  of  the  press  on  the  murk,  and 
from  this  an  inferior  quality  of  wine  is  prepared.  The  fermentation  is 
usually  continued  for  about  six  weeks,  the  juice  heing  constantly  agi- 
tated. 

The  juice  is  fermented  in  barrels  and  is  then  drawn  oft'  into 
smaller  barrels  or  bags  of  goat  sldn.  Brandy  is  mostly  mixed  with 
the  must  to  the  extent  of  from  one  half  to  one  gallon  to  a  Portu- 
guese pipe.  As  soon  as  the  first  fermentation  is  complete  a  second 
addition  of  brandy  is  made,  and  after  the  lapse  of  three  weeks  it  is 
racked  off  and  fined,  and  then  a  third  addition  of  one  gallon  of  brandy 
takes  place.  In  consequence  this  wine  requires  about  six  years  for  ripen- 
ing. A  fourth,  and  it  is  to  be  hoped  the  last,  addition  of  brandy  is  made 
just  before  exportation. 

Although  the  addition  of  brandy  retards  the  maturation  of  wine,  it 
is  said  to  effectually  prevent  it  turning  ropy,  bitter  and  som*. 

The  wines  grown  in  the  north  of  the  island  are  mostly  used  for  the 
manufactm-e  of  brandy. 

For  the  ripening  or  mellowing  of  the  wine,  heat  and  motion  are 
had  recourse  to. 

One  plan  is  to  keep  the  wines  in  stores  heated  to  about  32°  0. 

Another  is  to  place  the  bottles,  well  corked,  in  heaps  of  fermenting 
manure. 

Lastly,  in  some  cases  Madeira  is  sent  one  or  more  voyages  to  the 
East  Indies,  the  heat  of  the  climate  and  the  constant  agitation  in  which 
the  wine  is  kept  very  greatly  improving  its  qualities. 

The  adulterations  to  which  Madeira  is  subject  are  in  the  main  simi- 
lar to  those  of  sherry  and  other  white  vsdnes.  Madeira  of  inferior 
quality  is  mixed  with  and  passed  oft'  for  the  best,  and  wines  are  fabri- 
cated in  imitation  of  Madeira,  but*  really  not  containing  a  drop  of  that 
wine  in  them.  A  spurious  Madeira  is  sometimes  made  from  a  Canary 
wine  called  Vedonia,  which  somewhat  resembles  Madeira,  and,  like  it, 
is  improved  by  heat  and  agitation.  This  is  mixed  with  a  small  quan- 
tity oi  mountain  port  and  Cape,  '  sweetened  with  sugar  candy,  flavom-ed 
with  bitter  almonds,'  and  then  subjected  to  a  hot-water  process  to  give 
it  mellowness  and  age. 

Of  course,  a  higher  price  is  charged  for  Madeira  which  has  been  to 
the  East  Indies.  Much  that  is  sold  as  having  undergone  the  voyage 
has  never  been  to  the  East  at  all.  It  is  stated  that,  in  order  to  aid  this 
deception,  casks  are  branded  and  false  bills  of  freight  exhibited. 

Many  imagine  that  vdnes  piu-chased  at  the  docks  must  be  pure ; 
there  is  good  reason  for  believing  that  this  is  not  alwavs  so.  On  this 
subject,  we  find  in  the  '  Tricks  of  Trade,'— the  article  on  wine  in  which 
work  is  full  of  interesting  information— the  following  remarks:— 
'  The  crafty  importer,  in  general,  orders  his  ships,  on  their  way  to 
England,  to  touch  at  Guernsey  or  Jersey,  when  the  required  adultera- 
tions are  practised.' 
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Some  idea  of  the  extent  to  which  Madeira  is  adulterated  may  be 
formed  when  it  is  known  that  not  more  than  25,000  pipes  are  made  ; 
of  these  not  more  than  3,000  belong  to  the  first  growth,  of  which  only 
about  one-half  reaches  this  country. 


CAPE  WTNES  ATTD  THEIB  ADULTERATIONS. 

Nearly  the  whole  of  the  wine  produced  at  the  Oape  for  importation 
to  this  country  is  strongly  hrandied  and  made  up  in  imitation  of  port 
and  sherry.    The  imports  have  fallen  off  during  the  last  few  years  to 

almost  nothing.  .  ,     ,    n  t.   xi,  j 

'  The  fermented  wines  are  sulphured,  either  by  iiunes  or  by  the  ad- 
mixture of  flowers  of  sulphur ;  freshly-killed  meat  is  hung  up  in  them, 
for  who  knows  what  purpose  ?  Lastly  they  are  dosed  with  Cape-smoke, 
so  called,  i.e.  indigenous  brandy.' — Thudichum  and  BupS. 

Many  Oape  wines  are  characterised  by  a  peculiar  earthr  or  slaty 
taste,  due  probably  to  imperfections  in  the  method  of  preparation. 


PORT  AND  ITS  ADULTERATIONS. 

The  grapes  from  which  port  wine  is  made  are  ti-odden  on  a  platform 
by  men,  and  the  juice,  together  with  the  stalks  or  husks,  transferred 
to  stone  vats,  the  stalks  not  being  separated.  Port  wine,  therefore, 
possesses  a  considerable  amount  of  astringency  which  is  only  m  part 
removed  as  the  crust  forms,  and  as  the  wine  ages. 

After  the  first  fermentation  is  over  brandy  is  added,  and  if  the  must 
from  which  the  wine  is  obtained  was  deficient  in  sugar,  an  addition  of 
that  substance  is  also  made,  as  well  as  not  unfrequently  colourimj  matter. 
The  sugar  added  may  be  either  cane,  beet,  or  grape  sugar,  but  not  im- 
commonly  a  portion  of  the  must  is  evaporated  as  in  the  case  of  sheiTy, 
and  the  extract  so  procured  is  added  to  the  ordinary  must.  When 
colouring  matter  is  employed  the  addition  is  made  by  treading  with 
the  grapes  one  or  other  of 'the  substances  usually  resorted  to,  as  dried 
and  powdered  elderberries  or  blach  cherries.  In  good  years  grapes  con- 
tain a  sufiicient  amount  of  colouring  matter  to  afford  all  the  colour 
necessary,  especially  when  mixed  with  a  proper  quantity  of  the  tmto 
wine.  Sometimes  however,  even  in  good  years,  port  wine  becomes  of 
a  brownish-red  colour,  and  in  such  cases  artificial  colouring  matters 
have  to  be  employed,  and  Jerupiga  is  resorted  to,  but  these  are  added 
at  a  later  stage  of  the  manufacture.  _  . 

Jerupiga  "is  a  compound  expressly  prepared  for  the  adulteration  ot 
portvdne;  it  consists  of  the  juice  of  elderberries,  brovm  sugar,  un- 
fermented  (/rape  juice,  and  brandy.  _  j  , 

Towards  the  middle  of  November  the  wine  has  deposited  its  lees  ; 
it  is  then  transferred  into  pipes,  and  in  the  spring  of  tlie  following 
year  it  is  brought  down  to  Oporto  and  Villa  Nova  to  be  there  stored. 
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Analyses  of  Port  Wine. 


Pure  Wine  Association. 

Ports. 

Specific  Gravity  at  15*5°  C  .  . 

988-8 

996-3 

991-3 

992-3 

1006.84 

1001-08 

^  *              u  lj       ^  V  J  V-f  \7 J_L \J  1.     *J  y     T  T  ^  Ati  JUL  U  * 

13-308 

16-166 

11-230 

8-625 

16-17 

17-75 

Oil  tJ  L 

1  S-7fi 

J-O  /  u 

Orr  %J  t 

Tartaric  acid  .... 

0-460 

0-532 

0-608 

0-622 

0-396 

0-420 

Acetic  acid     .             .  . 

0-032 

0-030 

0068 

0  061 

0-043 

0-041 

jT unbpiioi  ic  acici      .       ,  . 

0-081 

0-045 

0-032 

0-021 

0-025 

0-0-24 

Sulphuric  acid 

0-021 

0-046 

0-042 

0-016 

0-016 

0-020 

Ash  

0-189 

0-294 

0-230 

0-275 

0-253 

0-260 

Alkalinity  of  ash  . 

0-072 

0-085 

0-113 

0-068 

Grape  sugar  .... 

0-581 

l-a08 

0-351 

0-436 

7-06 

6-00 

Total  solids  .... 

2-425 

4-555 

2-067 

2-067 

7-96 

7-02 

Sulphate  of  potash,  grains  \ 
per  bottle     .       .       .  j 

5-31 

10-71 

10-63 

4-55 

4-00 

5-05 

1 

According  to  Thudiehum  and  Dupre,  no  port  wine  readies  England 
■whicli  contains  less  than  three  gallons  of  brandy  to  the  pipe,  but  heavily 
brandied  wines  contain  as  much  as  from  fifteen  to  seventeen  gallons. 
The  chief  reason  for  this  large  addition  of  brandy  is  that  it  affords  the 
quickest  and  most  certain  means  of  rendering  the  wine  marketable,  but 
not  drinkable,  for  it  really  retards  the  matm-ation.  The  brandy  stops 
fermentation  so  that  the  wine  may  be  exported  to  any  climate — and 
indeed  it  would  be  a  strange  thing  if,  with  about  40  per  cent,  of  proof 
spirit  in  it,  it  did  not  keep.  To  become  mellow  and  sound  it  is  neces- 
sary that  the  wine  should  be  stored  in  bottle  for  six  or  eight  years. 

In  addition  to  all  the  other  brandyings,  poi-t  wine  receives  one  per 
cent     p'oof  spirit  on  shipment. 

Thudiehum  and  Dupr(5  state  that  the  alcohol  in  natural  port  wine 
ranges  from  9  per  cent.,  the  lowest,  to  13-9  per  cent.,  we  presimie  by 
volume,  the  highest  limit,  equal  to  from  16-8  to  24-8  per  cent,  of 
proof  spirit. 

Jerupiga  is  extensively  imported  into  this  country  for  the  adul- 
teration of  port  wine.  By  a  return  made  some  vears  since  to  the 
House  of  Commons,  on  the  motion  of  the  late  Mr.  Oliveira,  it  ap- 
pears that  Jerupiga  was  imported  and  used  by  some  of  the  first  houses 
engaged  in  the  -wine  trade  in  this  country. 

Another  substance  used  to  colour  port  vrine,  both  in  Portugal  and 
at  home,  is  logxcood ;  large  quantities  of  this  dye  are,  it  is  stated,  im- 
ported into  Oporto. 

The  wines  of  Valencia,  Bene  Carlo,  and  Alicante,  being  rich  in 
colour,  are  made  up  to  imitate  port  wine,  and  the  casks  are  prepared 
to  resemble  port  pipes  in  size  and  appearance.  A  very  large  proportion 
of  these  wines,  Mr.  Bernard  states,  are  sent  to  France  to  be  used  in  the 
blending  of  other  wines  and  in  the  preparation  of  imitation  ports 
shipped  to  this  country  from  Marseilles. 
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Lastly,  port  wines  are  adulterated  at  Oporto  by  the  addition  of 
inferior  tvines,  imported  for  the  purpose.  It  is  by  this  means  that  the 
supply  of  port  wine  is  maintained  at  a  tolerably  uniform  average,  no 
matter  what  may  have  been  the  vintage. 

Catalmi  has  lately  been  introduced  into  this  country.    It  is  a 
Spanish  port  wine,  but  is  often  sold  as  the  product  of  Portugal. 

It  is  therefore  evident  that  port  wine  is  subject  to  a  large  amount 
of  adulteration,  before  it  reaches  this  country ;  after  its  arrival  here 
it  is  frequently  subjected  to  further  sophistication. 

Sometimes  it  is  diluted,  brandied,  and  then  coloured  by  the  mix- 
ture termed  Jerupiga,  or  by  means  of  logwood.  The  brilliancy  of  its 
colour  is  sometimes  increased  by  means  of  cdum,  and  if  turbid,  it  is 
cleared  by  ffi/psum,  while  increased  astriugency  is  imparted  by  means 
of  oak  saivdust.  Not  unfrequently  peculiar  tlavoiu's  or  bouquets  are 
artiiicially  communicated  to  port  wine  :  the  principal  substances  used 
for  this  purpose  are  extract  of  siveet  briar,  orris  root,  and  cheii-y  laurel 
water. 

In  other  cases  the  true  flavour  and  taste  are  given  to  factitious  port 
by  means  of  a  tincture  made  from  the  seeds  of  the  grape. 

The  resemblance  to  port  is  further  increased  by  adding  salt  of  tartar 
to  the  wine,  which  is  one  of  the  natural  constituents  of  the  grape. 
This  salt  after  a  time  becomes  in  part  deposited  in  a  crystalline  state 
from  genuine  port  wine,  either  on  the  sides  of  the  cask,  or  in  the  bottle 
in  Avhich  it  is  kept,  it  carrying  down  with  it  some  of  the  colouring 
matter  of  the  wine,  thus  forming  the  crust.  The  fabricators  of  spurious 
port  have  not  forgotten  to  imitate  this  criterion  of  a  good  wine. 

For  this  purpose  a  hot  saturated  solution  of  cream  of  tartar,  coloured 
red  with  a  decoction  of  Brazilwood,  is  placed  in  the  cask  and  rolled 
about  in  it  mitil  the  sides  becomes  covered  witli  the  crystallised  stib- 
stance,  after  which  the  imitation  wine  is  poured  in.  Bottles  even  are 
treated  in  the  same  manner,  and  the  very  corks  are  also  dyed. 

The  crust  of  port  wine  is  an  indication  of  its  age,  and  not  only  is  this 
produced  in  the  manner  just  pointed  out,  but  likewise  in  other  ways; 
one  of  these  is  to  put  new  port  into  warm  water,  the  temperatm-e  of 
this  is  raised  to  the  boiling  point,  after  which  the  wine  is  put  back 
into  the  cellar,  when  it  soon  deposits  a  crust  which  might  pass  for  the 
growth  of  years. 

But  we  have  not  yet  exhausted  the  list  of  adulterations  practised 
upon  that  much-abused  wine,  port. 

Accum  states,  '  many  thousand  pipes  of  spoiled  cider  are  annually 
brought  hither  from  the  country  for  the  purpose  of  being  converted 
into  factitious  port  wine.' 

Another  method  practised  of  adulterating  port  wine  is  to  mix  to* 
o-ether  a  variety  of  cheap  red  wines,  adding  a  little  genuine  port.  Th^ 
system  is  exposed  in  a  work  entitled  '  Wine  and  Spirit  Adulterations 
Unmasked.'  The  author  states  that  large  vats  are  kept  by  the  manu- 
facturer in  which  different  inferior  wines  are  mixed  together  in  imitar 


WINE  AND  ITS  ADULTERATIONS. 


779 


tion  of  port.  These  are  for  the  most  part  Bene  Carlo,  Figueras,  and 
Red  Cape.  One  or  more  of  these  are  mixed  together,  a  proportion  of 
common  port  added,  and  a  small  quantity  of  Mountain  to  impart  a 
softness  and  give  a  rich  appearance.  Salt  of  tartar  will  ensure  a  quick 
and  firm  crust,  and  gum  dragon  gives  a  fulness  of  flavour,  a  consist- 
ency of  body,  and  a  good  face.  Berry  dye,  a  colouring  matter  imported 
from  Germany  for  the  express  pm'pose  of  adulteration,  will  increase 
the  deep  purple  tint,  while  with  washings  of  brandy  casks  the  whole 
compound  is  made  perfect.  Wine  thus  made  up  woidd  cost  only  about 
16s.  per  dozen,  every  expense  included. 

Various  receipts  have  been  published  for  the  manufacture  of  spuri- 
ous port.  The  following  are  ft-om  the  '  Publicans'  Guide : ' — '  The  cask 
is  to  be  weU  sulphiu-ed,  and  then  twelve  gallons  of  strong  port,  three 
gallons  of  Cognac  brandy,  six  of  proof  spirits  of  wine,  and  forty-two 
of  good  rough  cider,  making  in  all  a  compound  at  the  rate  of  18s.  per 
dozen.'  A  second  receipt  is  as  follows : — '  Take  forty-five  gallons  of 
cider,  six  of  brandy,  two  of  a  decoction  of  sloes,  and  eight  of  port  wine. 
To  increase  the  colour,  tinctiu-e  of  red  scindcrsioood  or  cudbear  must 
be  added.  The  wine  is  to  be  bottled  in  a  few  days,  and  a  teaspoonfid 
of  powdered  catechu  added  to  each  bottle  to  give  a  rough  and  astrin- 
gent flavour  and  to  ensm-e  a  fine  crust ;  lastly,  in  order  to  give  an 
appearance  of  age,  the  ends  of  the  corks  are  to  be  stained  by  soaking 
them  in  a  strong  decoction  of  Brazilwood  containing  a  little  alimi.' 

Dr.  Recce's  '  Gazette  of  Health  '  contains  the  following  receipt : — 
*  Take  of  British  grape  wine  or  cider  four  gallons,  of  the  juice  of  red 
beet  two  quarts,  of  brandy  two  quarts,  of  logwood  four  ounces,  or 
rhatany  root  bruised  half  a  pound.  Fii-st  infuse  the  logwood  and 
rhatany  root  in  brandy  and  a  gallon  of  grape  wine  or  cider  for  a  week. 
Then  strain  the  liquor,  and  mix  it  well  with  the  ingi-edients  ;  keep  it 
in  a  cask  for  a  month,  when  it  will  be  fit  to  bottle.' 

The  following  receipt  for  the  manufactm-e  of  Southampton  Poi't 
is  from  the  same  work : — '  Take  cider  thirty-six  gallons,  elder  wine 
eleven  gallons,  brandy  five  gallons,  damson  wine  eleven  gallons,  and 
mix.' 

It  thus  appears  that  great  and  scandalous  tricks  are  played  with  the 
English  gentleman's  favorite  after-dinner  beverage. 

The  consumption  of  port  wine  has  recently  much  decliaed — partly, 
doubtless,  owing  to  its  excessive  strength,  and  partly  in  consequence 
of  the  knowledge  of  its  adulteration  being  more  extensively  diffused. 
It  is  to  be  hoped  that  this  result  will  le'ad  to  a  reaction,  and  teach 
the  adulterators  that  they  are  perilling  the  consumption  of  this  wine 
in  this  the  great  port  wine  drinking  country. 

FRENCH  WIITES  AST)  THEIR  ADTTLTEEATIONS. 
We  have  obtained  from  the  treatise  of  Messrs.  Thudichum  and 
T)upr(5,  so  frequently  quoted  before,  the  following  information  relative 
to  the  adulteration  of  the  wines  of  France. 
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The  wine  made  from  the  Grenache,  in  the  Roussillon  district,  is 
manufactured  in  a  particular  manner.  The  grapes  are  carried  to  the 
press  and  transformed  into  must,  and  after  the  must  has  been  drawn 
off,  2  litres  of  proof  spij-it'eiYe  added  to  every  100  litres  of  the  liquor, 
and  the  mixture  is  immediately  put  into  well  sulphured  casks.  A 
fortnight  later  the  wine  is  racked,  and  the  racking  is  repeated  every 
month  for  ahout  six  months,  till  the  wine  remains  clear.  It  must 
be  left  in  the  cask  for  fifteen  years  before  it  can  be  drunk. 

The  grapes  in  the  Roussillon  district  are  mashed  by  treading,  and 
the  berries  are  not  separated  from  the  .stalks.  The  cuvage  is  mostly 
performed  in  barrels  from  which  the  top  has  been  removed.  The 
plasterinc/  of  the  must  is  not  uncommon  in  this  district,  and  contributes, 
in  the  opinion  of  the  authors  above  quoted,  not  a  little  to  make  the 
Roussillon  wine  flat  and  mawkish  and  to  deprive  it  of  that  refreshing 
acidity  which  alone  makes  sugary  wines  tolerable. 

The  lower  classes  of  the  Perpif/nan  wines  are  always  treated  with 
plaster ;  and  again,  in  the  Lnnf/uedoc,  the  gTapes  are  trodden  with  the 
feet,  or  mashed  with  machines,  consisting  of  revolving  cylinders.  They 
are  ordinarily  powdered  over  with  plaster  of  Paris. 

The  wines  of  St.  Gilles  are  of  a  brilliant  purple  colour,  soft,  of 
much  body  and  strength,  and  they  possess  what  the  French  call  nerve 
and  mordant.  They  are  called  vins  fermes,  because  they  can  be  used  to 
give  colour,  strength  and  body  to  wines  which  do  not  possess  those 
properties,  and  hence  they  have  also  been  termed  vins  de  remede. 

The  feeble  wines  of  this  district  are  fortified  with  sjnrit ;  the  grapes 
are  put  into  a  caiddron  and  heated  in  order  to  macerate  the  hard 
skins  and  to  allow  the  colouring  matter  in  them  to  be  extracted  more 
easily.  The  grapes  so  treated  are  afterwards  put  either  into  spirit  or 
into  new  wine.  A  similar  means  has  long  been  adopted  in  the  manu- 
facture of  wines  in  Oporto.  The  fermenting  vats  of  the  Languedoc  are 
fi-equently  after  twenty-four  hours  deprived  of  a  portion  of  their  wine, 
which  then  has  attained  only  a  dark  rose  colom-.  This  wine  is  fermented 
in  that  state  and  send  off"  to  the  Burgogne  to  serve  in  what  the  French 
call  the  '  arrangement '  of  the  Burgundy  vnuea. 

The  wines  of  St.  Gilles  are  most  commonly  used  for  the  artificial 
production  of  port  and  sherry,  of  which  not  a  little  is  thus  made  in 
Xeres  itself. 

'  We  Imow  it  for  certain  that  a  little  hrandy  is  added  to  common, 
very  common  Bordeaux  wines.  We  know  also  that  the  better  Medoc 
wines  are  .mixed  with  some  Hermitage  to  give  them  a  little  more 
alcoholic  strength.  We  know  as  certainly  that  of  the  thousands  of 
barriques  of  good  and  best  clarets  of  good  years  not  one  receives  a 
particle  of  brandy,  but  even  if  it  did,  its  alcoholic  strength  would  be 
nothing  like  that  of  Oporto  wine.' — Thudiehum  and  Dupre. 

Burgundy  may  be  classed  amongst  the  claret  wines  :  it  is  perhaps 
the  finest  of  all  the  natm-al  red  wines ;  it  is  stronger  than  ordinary 
clarets,  the  strength  being  sometimes  increased  by  the  addition  of 
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brandy.  It  possesses  a  powerful  aroma,  and  a  delicious  and  lastino- 
flavour  ;  it  is  slightly  astringent,  and  hence  sometimes  occasions  head- 
ache and  indigestion.  It  must  be  remembered,  however,  that  as  it 
arrives  in  this  country  it  is  usually  brandied,  and  this  may  in  some 
instances  account  for  the  effects  produced. 

The  addition  of  brandy  to  Bm-gundy  is  most  injurious  to  its  flavour 
and  smell.  So  delicate  is  this  wine,  it  is  said,  that  if  two  Bm- 
gundies  of  superior  qualities  are  mixed  together,  the  bouquet  and  taste 
are  entii-ely  changed. 

In  many  parts  of  Bm-gundy  the  addition  of  sugar  to  the  must  is 
very  common,  in  some  cases  amounting  to  as  much  as  20  pounds  to 
the  piece.  Messrs.  Thudichum  and  Dupre  believe  that  much  of  the 
fieryness  and  alcoholicity  and  so-called  '  headiness '  of  Burgundy  wine, 
of  which  amatem-s  complain,  arises  from  this  addition  of  sugar  and 
that  more  objectionable  properties  are  by  no  means  natural  qualities  of 
the  general  products  of  the  Oote  d'Or. 

'Now  comes  a  phase  in  the  production  of  Bm-gundy  which  is 
imparalleled  by  any  proceeding  in  any  wine-producing  counti-y.  The 
fei-mentation  is  complete  and  the  wine  has  to  be  di-awn,  but  it  is 
desired  to  impart  to  the  wine  aU  the  colom-  that  can  be  extracted  from 
the  husks.  For  this  purpose  the  husks  which  have  been  collected  in 
the  chapeau  have  to  be  thoroughly  mixed  with  the  alcoholic  fluid. 
The  top  of  the  chapeau,  which  is  mostly  a  little  rotten  and  som-,  is 
therefore  taken  ofi",  and  two  or  thi-ee  men,  having  laid  aside  theii-  clothes 
mount  to  the  top  of  the  chapeau.  The  chapeau  is  so  dense  that  the 
men  can  stand  upon  it  for  some  time  ;  each  of  the  men  works  a  hole 
with  one  foot  through  the  crust ;  he  then  gets  his  other  foot  through 
and  gradually  succeeds  with  much  trouble  in  causing  his  body  to 
sink  through  the  crust  into  the  wine  below.  While  thus  en- 
gaged the  whole  chapeau  is  broken  to  pieces  and  worked  together 
with  the  wine.  These  men  now  work  the  whole  of  the  murk  and 
mix  it  thoroughly  in  all  dii-ections  with  the  wine  for  about'  Half 
an  hour.  They  then  emerge  from  the  liquid  covered  with  a  dark  red 
dye,  and  after  wiping  their  bodies  with  the  shirt  they  pulled  off, 
they  put  on  a  fresh  shirt  and  re-dress.  After  the  lapse  of  several 
hours  the  chapeau  is  again  risen  as  before.  Dunns'  this  operation  the 
men  perspire  profusely,  not  only  from  the  intense  labour  which  they 
perform,  but  also  from  the  poisonous  effect  of  the  carbonic  acid  gas 
exhaled  by  the  fermenting  mass.  They  are  mostly  deadly  pale  or  blue, 
and  pant  and  hang  their  heads  over  the  edges  of  the  cuves,  gaspino- 
for  fresh  air.' — Thudichum  and  Dupr6.  ° 


cnAMPAGNE  AND  ITS  ADTTXTERATIONS. 

The  grapes  from  which  champagne  is  made  are  black.  The  process 
of  manufacture  is  most  carefully  conducted.  The  grapes  are  first 
examined,  every  bruised  or  umipe  beiTy  being  removed.   For  the  grey 
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or  white  champagne,  the  grapes  are  trodden  for  a  quarter  of  an  hour 
before  heing  pressed.  For  the  pink  wine,  the  treading  is  prolonged 
until  the  juice  hecomes  tinged  with  the  colouring  matter  of  the  husks. 
For  inferior  champagne,  the  colour  is  sometimes  artificially  produced 
by  means  of  a  little  red  xoine,  or  even  by  the  juice  of  eldei-bemes. 

The  white  champagnes  are  therefore  in  general  to  be  regarded  as 
purer  than  the  pink  varieties. 

Champagnes  are  not  only  classified  according  to  their  colours,  but 
also  into  still  and  sparkling.  The  best  of  the  still  wines  is  SiUery,  a 
dry  champagne,  of  an  amber  colour,  rich  body,  and  powerful  bouquet. 

'  It  is  now  (December)  write  Messrs.  Thudichum  and  Dupre, 
that  the  champagne-making  houses  send  their  agents  about  in  order  to 
acquire  those  particular  wines  of  which  they  stand  in  need  for  mixing 
with  the  qualities  which  they  may  have  themselves  produced.  This 
mixing  is  one  of  the  most  important  operations  in  the  production  of 
champagne.  Every  manufacturer  is,  of  course,  obliged  to  produce  the 
varieties  which  the  public  demand — SiUery  or  Epernay,  others  Ay ; 
this  merchant  wants  Mareuil,  the  other  Dizy.  There  is  hardly  a  name 
of  any  notoriety  which  has  not  its  particular  admirers.  The  object  of 
all  champagne  houses  is  now  to  produce  by  the  art  of  mixing  wines 
which  shall  be  as  similar  as  possible  to  those  of  which  they  are  to  bear 
the  names.  When  these  necessary  ingredients  have  been  brought 
together  they  are  mixed  by  vatting  and  then  drawn  oflT  again  into  the 
barrels  for  further  treatment.' 

The  wine  is  aftenvards  fined  by  means  of  isinglass,  an  operation  which 
may  have  to  be  performed  several  times,  much  sulphur  being  bm-nt  in 
the  casks  in  order  to  render  the  wine  as  pale  as  possible.  _  The  wines 
which  have  been  treated  as  above  described  are  racked  into  bottles, 
which  are  filled  to  a  height  of  about  two  inches  from  the  top  of  the 
neck. 

In  the  manufacturing  of  sparkling  hoch,  young  wine  is  mixed  with 
old  wine,  usually  in  equal  proportions,  and  about  two  per  cent,  of  sugar 
added,  since  Rhenish  wines  after  fermentation  do  not  contain  any 
sugar.  In  the  manufactm-e  of  champagne  no  addition  of  sugar  is 
required,  as  the  yovmg  wines,  with  which  they  are  mixed,  furnish  the 
required  amoimt  of  saccharine  matter. 

As  the  summer  advances  the  temperature  of  the  cellars  in  which 
the  wme  is  stored  rises,  and  the  wine  begins  to  ferment ;  it  so  increases 
in  bulk  that  the  empty  space  in  the  bottle  nearly  or  wholly  disappears, 
many  bottles  beginning  to  leak,  and  others  to  bm-st  from  the  pressure 
of  the  gas.  By  the  autumn  the  temperature  falls  and  the  breakage  for 
the  most  part  ceases. 

The  next  operation  is  the  clearing  of  the  wine,  which  takes  place, 
when  the  wine  is  in  a  state  fit  for  sale.  This  operation-  has  for  its 
object  the  removal  of  the  yeast,  which  has  settled  on  the  sides  of  the 
bottles.  These  are  placed  with  their  necks  downward  so  as  to  allow 
the  yeast  to  become  deposited  on  the  cork,  forming  a  layer  in  some 
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cases  of  considerable  thickness.  The  cork  is  now  removed,  and  the 
yeast  allowed  to  escape  with  the  carbonic  acid  which  immediately 
rushes  forth,  it  being  quickly  once  more  corked. 

The  wine  has  now  to  undergo  what  is  termed  '  liqueuring.' 

Champagne  made  as  described  is  quite  dry.  The  operation  of 
liqueuring  consists  in  imparting  to  it  a  certain  amount  of  sugar  corre- 
sponding to  the  taste  of  the  consumer,  and  also  giving  to  wine  which 
has  not  had  time  to  mature  a  certain  finish  and  flavom-  by  mixing  with 
it  a  small  quantity  of  good  old,  well-matured  and  fine-flavoured  wine. 
Hence  the  champagne  merchant  who  makes  fine  champagne  provides 
himself  with  excellent  vsdnes  for  the  purpose  of  making  these  liqueurs, 
and  in  all  these  cases  the  liqueur  consists  of  a  mixtui-e  of  pure  cane 
sugar  and  wine  only,  but  the  cheap  kinds  of  champagne  not  admitting 
of  the  introduction  of  expensive  wines  or  requiring  the  addition  of 
alcohol  on  account  of  the  natiu-al  want  of  that  ingredient,  are  not 
treated  with  wine,  but  with  a  liqueur  consisting  of  zoine,  spirits  of 
wine  and  sugar. 

A  certain  quantity  of  liqueur  is  introduced  into  the  wine  and  the 
bottle  finally  corked. 

It  sometimes  happens  that  a  second  operation  of  disgorging  has  to 
be  performed. 

Four  principal  varieties  of  champagne  are  made.  Champagne 
non-Mousseux,  both  red  and  white :  Champagne  cremant,  moderately 
sparkling  only;  Mousseux,  and  Or  and  Mousseut. 

Of  the  champagne  sold  in  England  a  very  large  proportion  is 
spurious. 

Sometimes  it  is  fabricated  from  cheap  white  French  toine,  sugar 

and  colouring  matter  being  added. 

At  others  it  consists  in  part,  or  even  wholly,  of  wine  made  from  the 
,  gooseberry,  and  even  from  the  apple,  pear,  or  rhubarb. 

Not  unfrequently  it  is  manufactm-ed  after  the  following,  or  some 

similar  receipt: — 'Take  of  white  sugar  eight  pounds,  the  whitest 

hrotim  sugar  seven  pounds,  crystalline  lemon  acid  or  tartaric  acid  a 
•  quarter  of  an  ounce,  pure  loater  eight  gallons,  white  grape  loine  two 

quarts,  or  perry  four  quarts,  of  French  brandy  three  pints.  Boil  the 
;  sugar  in  the  water,  skimming  it  occasionally,  for  two  hom-s ;  then 

poui-  it  into  a  tub,  and  dissolve  in  it  the  acid  before  it  is  cold.  Add 
.  yeast,  and  ferment.  Put  it  into  a  clean  cask,  and  add  the  other  in- 
i  gredients.    The  cask  is  to  be  well  bunged,  and  kept  in  a  cool  place 

for  two  or  three  months ;  then  bottle,  and  keep  it  cool  for  a  month 
.  longer,  when  it  will  be  fit  for  use.  By  adding  one  pound  of  fresh  or 
:  preserved  straivberries,  and  two  ounces  of  powdered  cochineal,  the  pink 
1  champagne  may  be  made.' 

The  champagne  sold  at  races,  fairs,  and  tea-gardens  is  rarely  if  ever 
;  genuine. 
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GERMAN  WXNES  AND  THEIR  ADTTLTEEATI0N8. 

Moselle  is  a  thin  wine,  resembling  the  Rhine  wiues,  but  not  pos- 
sessing the  same  keeping  qualities  ;  it  is  a  common  practice  to  impart 
to  this  wine  by  artificial  means  the  flavour  of  the  wine  of  the  muscatel 
o-rape.  A  tinctiu-e  of  the  fioicers  of  the  elder  is  pi-epared,  which  is  sold 
under  the  name  of  '  essence  of  muscatel,'  and  is  much  used  to  impart 
the  bouquet  to  sparkling  Moselle,  Thudichum  and  Dupr6  state  that 
there  is  not  a  grape  of  muscatel  grown  on  the  Moselle  fit  for  wine- 
makinf,  that  there  is  not  a  single  barrel  of  wine  made  there  which 
naturally  has  the  muscatel  flavom-,  and  that  all  the  wine  haviag  the 
flavom-  which  imitates  it  is  made  up  with  tinctm-e  of  elderflowers. 
Much  of  the  tinctui-e  is  imported  and  sent  into  England  and  there  ased. 
Most  of  the  '  Moselle  with  the  muscatel  flavour '  is  Rhine  wine  flavom-ed 
with  elder  flowers. 

The  yearly  report  of  the  Cologne  (Chamber  of  Oommere,  1873, 
refers  to  the  adulteration  (or  rectification,  as  it  is  tei-med)  of  German 
wines.  Last  year,  it  appears,  this  adulteration  was  carried  on  to  an 
alarming  extent  among  nearly  all  the  vineyard  proprietors  of  the 
Moselle,  and  among  many  of  the  makers  of  the  Palatinate.  XJnsugared 
natm'al  wines  are  now  scarcely  to  be  met  with  in  the  Moselle  district,  and 
the  addition  of  sugar  goes  hand  in  hand  with  liberal  dilutions  with 
toater  and  the  usual  addition  of  spirit.  The  mixture  is  fermented 
with  grape  husks  ;  it  iathen  styled  wine.  Last  season  18,000  cvrts.  of 
common  potato  sugar  were  despatched  from  Coblentz  up  the  MoseUe, 
and  considerable  quantities  were  sent  to  the  Upper  Rhine,  so  that 
many  cellars  now  contain  more  1878  wine  than  the  vineyards  produced. 
Only  an  abundant  crop  can  check  this  practice,  and  potato  sugar  should 
be  subjected  to  the  same  tax  as  grape  sugar. 

We  have  been  given  to  understand  that  Bingen  is  a  great  centre 
for  the  adulteration  of  Rhine  wines.  The  must  is  there  frequently 
diluted  and  sugared,  glycerin  being  also  much  used. 

GREEK  WINES  AND  THEIR  ADULTERATIONS. 

Of  Greek  wines  the  quality  varies  greatly  according  to  the  som-ce 
and  method  of  vinification  adopted,  but  this  in  many  parts  is  exceed- 
iuo-ly  imperfect, '  so  that  the  wines  contain  more  volatile,  i.e.  acetic, 
acid,  than  any  others  which  we  have  met  with.  Many  wines  last  only 
throuo-h  the  winter,  and  in  siunmer  tm-n  into  vinegar.  To  avoid  this 
result'the  proprietors  still  adopt  all  the  horrid  preservatives  of  anti- 
quity, smolring  with  wood  smoke,  or  vapom-  of  resins,  such  as  mastic, 
olihanum,  cloves,  Rhodus  wood,  Buchari-Jagh,  and  lihdanum.  The 
Oommendaria  (Cyprus)  wine  is  said  to  get  its  flavour  from  these  resiTis, 
o-ums  and  spices,  which  are  suspended  in  the  wine,  enclosed  in  a 
bao- ;  pitching  the  barrels,  adding  turpentine  and  real  pines ;  ggpsuni, 
diaik,  salt,  and  tannin,  particularly  in  the  form  of  hypericum  perfo- 
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ratum,  a  resiuo-tannous  plant,  wliicli  is  said  to  conserve  and  colour 
wine  yellow.  Most  wine  has  also  the  addition  of  taste  and  smell  of 
the  goat,  in  the  hides  of  which  it  is  kept  or  transported.  In  C^^irus 
•and  other  parts  jars  are  still  in  use,  but  in  Santorin  and  other  islands 
barrels  are  becomiup-  more  frequent.' — TJmdichum  and  Bupre.  The 
wines  produced  in  the  Ionian  Islands  are  all  stated  to  be  plastered. 


AtrSTRALIAIf  -WINES. 

^  The  cultivation  of  the  vine  is  gradually  extending  in  New  South 
Wales,  the  climate  of  many  parts  being  exceedingly  well  adapted  to 
its  growth.  Many  of  the  wines  are  distinguished  by  then-  strength, 
robustness,  flavom-,  and  bouquet,  and  are  really  excellent. 

That  the  soil  and  climate  of  Australia  are  highly  favom-able  to  the 
growth  of  the  vine  is  unquestionable.  The  climate  is  sunny  and  dry  ; 
the  soil  ferruginous,  iron  being  an  important  constituent  of  a  vine- 
bearing  soil.  In  the  year  1870,  nearly  two  million  gallons  of  wine 
were  made  in  Australia,  part  of  which  was  imported  into  this  country. 
The  following  analyses  Avere  made  by  ourselves  a  short  time  since.  ■ 


Specific  gi-dvity  at  15-5°  C. 

Absolute  alcohol  by  weight 
1  Proof  spirit 
I  Cirape  sugar 

Total  acid,  as  tartaric 
I  A.cetic  acid 

Phosphoric  .acid 

Bitartrate  of  jratash  . 

Total  sohds 

jish  

Alkalinity  of  ash 


Eed  Wines. 


!)93-3 
lL'-57 
27-26 

0-81 

0'18 

0-048 

0-0fi2 

2-(i5 

0-24 

0-18 


White  Wine. 


93.9-4 

OflO-l 

987-4 

991-6 

992-6 

991-3 

13-44 

12-00 

14-44 

10-80 

9-.')0 

14-40 

29-04 

26-00 

31-26 

23-44 

2()-i;3 

31-18 

0-29 

0-1 

0-06 

0-05 

0-94 

0-64 

0-48 

0-71 

0-07 

•  0-83 

0-20 

0-09 

0-07 

0-10 

0-19 

0-18 

0-039 

0-048 

0-032 

0-02;3 

0-018 

0-034 

0-143 

0-040 

0-034 

0-OCS 

0-093 

3-32 

2-1!) 

2-01 

2-41 

1-43 

2-2(i 

0-24 

0-2.) 

0-2G 

0-28 

0-24 

0-22 

0-14 

0-19 

0-19 

0-19 

0-18 

0-OG 

990-5 
10-80 
23-44 
0-03 
0-7") 
0-10 
0-038 

0-  081 

1-  79 
0-1.5 
0-0991 


For  farther  particulars  in  reference  to  these  wines,  see  reports  in 
the  '  Lancet '  by  the  author. 


THE  DEXECTIOIT  OP  THE  ADTOTERATIOIfS  OP  AVIIfE. 
We  haveabeady  entered  veiy  fully  into  the  questions  of  the  com- 
position and  analysis  of  wine.    We  have  in  this  place,  therefore,  oulv 
to  give  the  processes  for  the  detection  of  the  principal  substances  em- 
ployed m  Its  adu  teration.    These  are  cane  smjar,  spirit,  the  juice  of 
Irints  other  than  the  pTape,  &&oi rhubarb,  r/ooseberries,  apples  and  pears  : 
•  <-oloimnf/  matters,  as  those  of  the  elderberry,  blade  cherry,  bilberru,  lo,/- 
a^oof/aud  BraztUoood,  cochineal,  malloiojloioers,  suhyhuric  acid,  derivwl 
.  trom  plastenng  and  sulphming;  carbonates  of  soda  and  «o;!fls7^,and  lead. 
Detection  of  cane  sm<7«;-.— The  cane  sugar,  when  added  to  the  must 
ol  grapes  or  to  the  wine  itself  becomes  quickly  transformed  into 
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frliicose,  and  lience  its  detection  is  often  a  matter  of  impossibility. 
Bat,  if  only  recently  added  to  wine,  there  may  not  have  heen  time  for 
its  transformation  into  glucose,  and  in  this  case  it  may  he  discovered 
in  the  usual  manner  hy  conversion  into  glucose  hy_ means  of  dilute 
sulphuric  acid,  as  already  before  more  than  once  described.  _ 

We  have  ourselves  frequently  met  with  cane  sugar  in  Hambro'^ 
and  other  imitation  sherries. 

Detection  of  extraneous  spirit. — Provided  the  spirit  added  has  been 
well  rectified,  it  is  impossible  to  distinguish  it  from  that  natiu-alto  the 
wine,  and  hence  we  are  only  able  to  pronounce  that  the  wine  has  been 
fortified  when  the  amount  present  exceeds  that  which  the  must  itself 
is  capable  of  furnishing.  This  amount  varies,  as  we  have  already 
seen,  with  the  kind  of  wine  and  within  certain  limits  vsith  the  same 

^^The  highest  amount  which  even  the  richest  must  is  capable  of  fur- 
uishino-  rarely,  if  it  ever,  exceeds  28  per  cent,  of  proof  spirit,  but  it  is 
not  at'all  a  common  thing  for  this  amount  of  spirit  to  be  contained  in 
any  natm-al  wine,  though  in  some  cases  and  in  certain  wines  this 
quantity  is  reached. 

Even  if  the  must  were  rich  enough  to  permit  of  the  formation  of 
a  higher  amount  of  alcohol,  it  could  not  do  so,  since  fermentation  is 
stopped  in  any  liquid  containing  15  per  cent,  of  absolute  alcohol  by 
volume,  equal  to  26-66  per  cent,  of  proof  spirit. 

If  the  spirit  added  were  very  impure,  and  a  large  quantity  of  wine 
were  operated  upon,  it  might 'be  detected  by  careful  distillation  and 
rectification. 

Detection  of  juice  other  than  that  of  the  grape. — No  certain  or  satis- 
factory methods  have  as  yet  been  devised  for  the  detection  of  foreign 
vegetable  iuices  after  thev  have  undergone  fermentation,  and  especially 
when  admixed  with  the  fermented  juice  of  the  grape.  It  is  quite  within 
the  range  of  probability,  however,  to  suppose  that  satisfactory  methods 
of  discnminatiou  will  "ultimately  be  devised. 

Rhuharh,  as  is  well  known,  contains  a  considerable  amount  of 
oxalate  of  lime,  and  hence  if  in  the  lees  of  any  vnne,  particularly  cham- 
pagne, the  characteristic  octahedral  crystals  of  this  salt  were  seen  by 
means  of  the  microscope,  the  presence  of  rhubarb  might  with  tolerable 
certainty  be  inferred.  .^   ,  e 

The  principal  acid  of  the  gooseberry  is  malic  acid,  whereas  that  or 
the  grape  is  tartaric  acid.  Now,  in  tliose  cases  in  which  we  have  to 
deal^simply  with  a  wine  the  produce  of  the  grape,  and  with  one  made 
from  goosebeny  juice,  the  discrimination  would  be  easy  enough  by 
determining  the  nature  of  the  principal  acid  present  in  each  case,  and 
by  as  far  as  practicable,  the  estimation  of  their  amounts. 

'  But  the  difficulty  of  discrimination  would  of  course  be  greatly  en- 
hanced when  the  two  wines  are  blended  together,  and  it  will  be  still 
further  increased  in  those  cases  in  which  the  wine  had  been  subjected 
to  the  operation  of  plastering  as  well. 
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The  acid  of  apples  and  pears  is  the  same  as  that  of  gooseberries,  and 
therefore  by  it  one  could  not  distinguish  whether  the  admixtui'e  con- 
sisted of  gooseberry  or  apple  wine,  but  we  believe  that  the  discrimin- 
ation might  be  eftected  by  the  aroma  and  flavom"  of  the  warm  extract 
of  the  wine,  or  better  still  by  the  odour  of  the  alcoholic  distillate, 
which  would  contain  the  very  characteristic  volatile  constitiieuts  of  the 
apple  and  pear :  apples  contain  a  notable  quantity  of  a  peculiar  and 
distinctive  oil,  termed  apple  oil.  We  believe  that  the  odom-  of  the 
warm  extract  will  in  many  cases  aftbrd  a  clue  to  the  vegetable  sub- 
stances employed  in  the  sophistication  of  wine.  Thus  the  smell  of 
elderberries  is  in  some  cases  quite  recognisable. 

According  to  F.  F.  Mayer,  wine  made  from  finiits,  as  apples  or 
pears,  contains  phosphate  of  lime,  while  grape  wine  contains  phosphate 
of  magnesia.  If  to  about  nine  parts  of  wine  one  part  of  ammonia  be 
added  and  the  mixture  be  allowed  to  stand  for  twelve  hom-s,  cider  and 
peny  deposit  tabular  crystals  which  firmly  adhere  to  the  sides  of  the 
glass,  while  grape  wine  gives  a  precipitate  which  does  not  adhere  to 
the  glass,  and  is  found  under  the  microscope  to  consist  of  small  stellar 
crystals  of  ammonio-phosphate  of  magnesia.  According  to  Mayer  a 
imxture  of  one  part  of  peny  and  three  parts  of  grape  wine  still  gives 
the  crystals  characteristic  of  cider  or  perry,  but  it  may  be  doubted 
whether  all  wines  behave  in  this  manner,  and  whether  phosphate  of 
magnesia  is  a  constituent  of  all  genuine  wines. 

Detection  of  colourmc/  7natters.~The  satisfactory  detection  of  these, 
especially  when  found  in  wine,  and  \yhen,  their  properties  have  been 
altered  by  keeping,  perhaps  for  many  years,  constitutes  one  of  the  most 
difficult  of  tasks,  even  when  we  brino-  to  our  aid  spectrum  analysis. 

Veiy  much  has  however  been  wi-itten  on  this  subject,  of  more  or 
less  value.  In  some  cases  the  attempts  at  discrimination  are  of  a 
general  character,  and  are  directed  to  the  object  of  simply  ascertainino- 
whether  the  wine  contains  any  other  red  colom-ing  matter  tlian  that 
derived  from  the  gTape.  In  other  cases  efforts  have  been  made  to 
identity  the  particular  colouring  matter  employed. 

We  will  now  proceed  to  give,  in  as  brief  a  form  as  possible,  the 
more  important  particulars  which  have  hitherto  been  made  known 

Method  of  M.  Vof/el—Thh  chemist  has  recommended  acetate  of 
w-ii  detection  of  extraneous  coloming  matters  in  red  wine. 

With  this  reagent  he  states  that  genuine  red  wine  gives  a  gi-eenish 
gi-ey  precipitate,  but  that  in  the  case  of  wine  coloured  with  the  juice 
o  bilben-ies,  elderberries,  or  Campeachy  wood,  the  precipitate  is  deep 
blue,  while  with  Brazihoood,  red  sanders,  and  beet,  it  is  red.  Wine 
coloured  ^ylt]l  beetroot  is  also  rendered  colourless  by  lime  water,  but 
tlie  weakest  acid  brings  back  the  colour. 

According  to  Berzelius,  the  colouring  matter  of  red  wine  gives 
ditterent  coloiu-ed  precipitates  with  diacetate  of  lead,  according  to  the 
age  ot  the  wme,  and  that  in  new  red  wine  the  precipitate  is  generaUy 
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blue.  If  tliis  is  correct,  the  value  of  tlie  test  of  Vogel  is  of  course  much 

*^™Berzelfus's  statement  seems  opposed,  however,  to  the  following  ex- 
periment of  Vogel.  It  has  already  been  remarked  that  the  coloui-  of 
red  wines  is  derived  from  the  colouring  matter  located  m  the  skms  ot 
the  m-apes.  In  order  further  to  assm-e  himself,  he  prepared  ^  quantity 
of  wape  shins,  reduced  them  to  powder,  and  treated  them  with  alcohol. 
This  took  up  part  of  the  colom-ing  matter,  and  when  acetate  ot  lead 
was  added,  the  same  grevish  green  precipitate  was  obtained.  Lastly, 
it  should  be  stated  that  the  wines  principally  experimented  upon  by 
Vogel  were  new  wines,  and  were  made  by  himself  from  black  gi-apes 
for  tiie  purpose  of  his  experiments.  .1  ia 

Mitchell  states  that  the  precipitate  with  acetate  of  lead  fi-om  an  in- 
fusion of  loc/wood  is  purple  red,  and  that  if  the  colom-iug  matter  be 
verv  much  diluted  it  has  a  leaden  or  bluish  hue.  A^  itli  the  jmce  ot 
beet  the  colour  is  puce ;  when  diluted  with  water  the  tint  becomes  a 

pale  s<almon  red.  .      ,    ,     n  ,  , 

Method  of  Chevalliei:— Solution  of  caustic  potash,  added  to  genuine 
red  wine  in  such  quantity  as  to  neutralise  all  the  acid,  causes  the 
colom-  to  change  from,  red  to  bottle  green,  and  after  some  tiiiie  to 
brownish  green,  but  no  precipitate  is  formed.  The  colours  produced 
when  foreign  colouring  matters  have  been  employed  are  diiterent,  as 
shown  in  the  following  table  : — 

Wino  coloured  with-  Colour^produced  by  Potash 

Elderberries 
Logwood 


Red  mulberries 
Brazil  wood 
Beetroot  juice 
Litmus 


Purple. 

Keddish  purple. 
Purplish. 
Red. 
Red. 

Lisht  violet. 


Method  of  Jacob.— The  colouring  matters  experimented  upon  were 
those  of  the  petals  of  the  poppy,  logwood  and  Brazilwood  Ihe 
reagents  which  he  employed  were  sulphate  of  alumina  and  carbonate 

^m^nalwine  fm-nished  a  slightly  coloured  f/reyish  precipitate.  The 
.ame  wines,  with  Brazihcood,  gave  a  carmine,  red  precipitate  which 
varied  in  intensity  with  the  quantity  of  colouring  matter  added  ;  with 
hgicood  the  precipitate  was  of  a  fine  deep  violet  colour,  and  with  red 
■n  'nnmi  of  a  slate-cirey  colour.  „■,,,<•  i 

^  %e  reao-euts  were  thus  employed  :-A  solution  of  sulphate  of  alu^ 
mina  was  made,  containing  10  parts  of  the  salt  to  100  of  water  -  about 
Tlf  a  drachm  of  this  solution  was  added  to  an  equal  quantity  of  wme 
«,^d  then  about  12  to  13  drops  of  a  solution  containing  8  parts  of 
carbonate  of  ammonia  to  100  of  water.  A  precipitate  of  ahmima  was 
mmediately  produced,  variously  coloured,  according  to  the  nature  of 
tlTcl'SKattereW  An  excess  of  the  precipitan  must  not 

be  added  for  in  that  case  the  tints  produced  are  not  sufhciently  marked 
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to  allow  of  the  discrimination  of  the  substance  employed.  The  action 
is  most  marked  after  the  lapse  of  seven  or  eight  minutes. 

Method  of  Nees  Van  Esenheck. — The  process  of  Nees  Van  Eseuheck 
is  hut  a  modification  of  the  preceding  method,  that  chemist  using  alum 
and  cai'honate  of  potash. 

These  reagents,  with  normal  ivine,  give  a  dullish  gi-ey  precipitate 
liaving  a  more  or  less  decided  red  tinge.  An  excess  of  alkali  redis- 
solves  part  of  the  precipitate,  the  remainder  heing  ash  grey.  If  the 
wine  he  new,  the  residuary  precipitate  possesses  a  greenish  tinge. 

AViue  coloured  with  the  coloming  matter  of  the  petals  of  red  iiojypy 
gives  a  brownish  grey  precipitate  which  becomes  black  by  excess  of 
alliali. 

Oolom-ed  with  2}rivet  berries,  it  gives  a  brownish  violet  precipitate. 

Ooloiu-ed  by  elderberries,  a  violet  precipitate  ;  by  Urazihvood,  a 
gi-eyish  violet ;  and  by  lof/ivood,  a  rose-coloiu-ed  precipitate. 

It  therefore  follows,  from  the  experiments  of  Nees  Van  Esenbeck, 
that  all  those  wines,  which  give  with  the  reagents  above  named  bluish 
violet  or  rose-coloured  precipitates,  are  artificially  colom-ed  or  adulte- 
rated with  foreign  colom-ing  matters. 

The  reagents  must  be  employed  by  means  of  solutions  of  definite 
strength— namely,  one  part  of  alum  to  eleven  of  water,  and  for  the 
other  solution  one  part  of  carbonate  of  potash  to  eight  parts  of  water ; 
the  wine  and  the  alum  solutions  are  to  be  mixed  together  iu  equal  pro- 
portions, and  the  solution  of  potash  gradually  pom-ed  in,  until  the 
whole  of  the  alumina  is  precipitated. 

Method  of  Cottini  and  Fantogr/ini. — For  the  discrimmation  of 
genuine  red  wines  and  artificially  coloured  red  wines  Cottini  and 
Tantoggini  recommend  ('  Annali  di  Chimica  appl.  alia  Mediciua  ')  the 
addition  to  50  cc.  of  the  wine  to  be  tested  of  6  cc.  of  nitric  acid  of  42" 
Baume,  and  to  heat  the  mixture  from  90°  to  95°  0.  Natural  wine, 
they  state,  is_  not  altered  by  this  treatment,  even  after  the  lapse  of 
hom-s,  but  artificially  coloiu-ed  wines  are  said  to  lose  their  coloiu'  within 
five  minutes. 

_  But  r.  Sestini  has  shown  C  Landwirthschaftliche  Versuchssta- 
tionen,'  15.  9),  that  the  above  statement  hold  goods  only  with  the 
wmes  of  Tuscany,  and  that  the  red  wines  of  France  and  of  the  Eo- 
magna  of  imdoubted  genuineness  are  also  quickly  decolorised  bv  nitric 
acid.  J  J 

Method  of  Dudaux.—E.  Duclaux  has  published  (Ocmptes  rend.) 
methods  for  the  discnmination  of  genuine  red  wine  from  that  coloured 
with  the  colouring  matter  of  i]xQ  Jloioers  of  the  mallow,  with  that  of  the 
kermes  insect  (coccus  zlicis)  and  of  cochineal.  For  detection  of  the  first, 
he  raak-es  use  of  the  fact  that  the  colouring  matter  of  the  wine  becomes 
insoluble  by  the  action  of  oxygen,  while  that  of  the  mallow  is  rendered 
more  easily  soluble. 

For  the  detection  of  cochineal  Duclaux  recommends  the  spectro- 
scopic examination,  proposed  by  Phipsou. 
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For  the  discrimination,  lastly,  of  the  kermes  from  genuine  red  wine, 
he  adds  a  little  piece  of  sodium  amalgam  to  the  wine.  Genuine  wine 
is  said  to  remain  unaltered,  or  to  change  only  very  slowly,  whilst  that 
coloured  with  kermes  immediately  loses  its  colour. 

Method  of  Boyer  and  Coulet.—F.  Eoyer  and  II.  Coulet  (Oompt. 
rend.  76)  propose  to  make  use  of  wool  dyed  yellow  by  means  of  chro- 
mate  of  potash.  Such  wool,  boiled  for  some  time  with  genuine  wine, 
assimies  a  characteristic  light-brown  colom-,  no  matter  in  what  couutry 
the  wine  is  grown,  while,  if  the  wine  be  artificially  coloured  with 
aniline  dyes,  especially  with  fuchsin,  the  wool  is  dyed  red. 

Wine  colom-ed  with  cocJdnecd  does  not  change  the  tint  of  the  wool, 
but  extract  of  Brazil  ivood  gives  rise  to  a  dark  wine  red,  and  exti-act 
of  Campeachy  ivood  to  a  brown  or  brown-black  colom-.  A  mbctm-e 
of  Campeachy  and  of  Brazil  wood  extract,  dyes  the  wool  from  iron-gi-ey 

to  black.  ,    ^,  .       •  T 

Method  of  Shidtletcorth.—E.  B.  Shuttleworth  American  Joum. 
of  Pharm.'  4)  recommends  for  the  detection  of  extraneous  colouring 
matters  in  port  wine  the  spectroscopic  examination  and  the  employ- 
ment of  amylic  alcohol,  first  recommended  by  Giuseppe  E<)mei.  The 
colouring  matter  of  genuine  port  wine  is  not  dissolved  by  fusel  oil, 
and  if,  therefore,  on  shaking  the  wine  with  some  amylic  alcohol  this 
is  coloured  red,  extraneous  colouring  matter  has  been  employed. 

Method  of  Dietrich.^'E.  Dietrich  ('  Archiv.  der  Pharm. )  has 
studied  the  behaviour  of  dilute  genuine  red  wine  and  that  coloured 
artificiaUy  towards  acetate  of  lead,  sulphate  of  copper,  and  baryta 
water  lie  employed  10  per  cent,  solutions  of  these  substances  and 
dilutes  the  wine  with  20  times  its  biOk  of  water.  Genuine  wine  by 
these  reagents  is  rendered  quite  colourless,  a  feeble  tiu-bidity  being 
produced,  but  artificially  coloured  wine  assumes  a  violet  blue  or  gi-een- 
blue  colour.  Dietrich,  "however,  omits  to  state  what  the  wme  he 
experimented  upon  was  coloured  with.  .       ,•,  ,  i 

Spectroscopic  discrimination.— Uv.  Sorby,  as  is  well  Imown,  has 
applied  the  spectro-microscope  to  the  discrimination  of  various  coloiu-- 
iug  matters,  particularly  those  employed  in  the  artificial  coloration  ot 

^^"^'^The  pm-e  colour  of  fi-esh  dark  grapes  is  best  prepared  by  removing 
the  skins,  heating  them  in  alcohol,  evaporating  the  solution  to  dryness, 
redissolving  it  in  a  little  water,  filtering,  and  again  evaporating  to 
dryness  in  a  small  saucer,  in  which  the  colom-  may  be  kept  as  a  stili 
svrup  without  material  change.'  ■,  .       j.  a 

One  of  the  peculiarities  of  the  colour  thus  prepared  is  its  tendency 
to  pass  into  insoluble  modifications. 

The  solution  of  the  colour  of  fresh  grapes  prepared  as  above 
directed  which  has  not  been  previously  evaporated,  fades  very  rapid.} 
aSbecomes  nearly  colourless;  but  when  this  solution  is  evaporated  to 
di™  01  f^omi  strong  aci^d  be  added  to  it,  the  ongmal  colour  is 
S-ed    To  obtain  the  lame  depth  of  the  speCti-um  of  the  faded  and 
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of  tlie  imcliauged  solution,  it  is  necessary  tliat  tlie  stratum  of  the  first 
slioiild  he  about  five  times  as  thick  as  that  of  the  latter. 

If  some  hypochloride  of  soda  be  added  to  the  newly-prepared 
solution  it  then  gives  the  same  spectrum  as  wine  after  fermentation, 
■and  if  more  hypochloride  he  added,  the  colour  of  the  vsdne  becomes 
much  lighter,  and  the  spectrum  is  then  identical  with  that  of  wine 
kept  in  caslc  for  many  years.  It  appears,  therefore,  that  the  coloiur  of 
•  old  wines  is  lighter  than  that  of  the  newty-prepared  grape  juice,  because 
the  colouring  matter  is  altered  by  oxidation. 

By  this  change  of  colour  and  by  the  consequent  altered  position  of 
the  absorption  band  in  the  spectrum,  Mr.  Sorby  affirms  that  he  is 
enabled  to  judge  of  the  age  of  a  red  wine  within  certain  limits — the 
position  of  this  band  being  more  and  more  towaa-ds  the  violet  end  of 
the  spectrimi  the  older  the  wine. 

Mr.  Sorby  states  that  the  only  cases  in  which  the  specti-um  method 
•can  be  easily  applied  to  the  detection  of  foreign  coloming  matters  in 
wine  are  those  in  which  the  wine  is  mixed  with  logioood,  Brazil  jvood, 
Rhatany  root,  and  the  berries  of  the  Virginian  Poke  {Phytolacea 
decandra)  :  he  declares,  however,  that  he  has  not  detected  these  sub- 
stances in  any  "vvines  of  commerce  that  he  has  as  yet  examined. 

For  the  detection  of  logicood  or  Brazil  tuood,  the  wine  is  treated  as 
follows: — it  is  agitated  with  ether,  which  remains  quite  colom-less  if 
those  colom-ing  matters  be  not  present,  but  becomes  more  or  less  deep 
yellow  if  either  has  been  added.  The  ethereal  solution  is  evaporated 
to  dryness,  the  residue  dissolved  in  a  solution  of  carbonate  of  ammonia, 
when  the  liquid  is  ready  for  observation. 

'  In  both  cases  this  develops  a  single  very  distinct  absorption  band 
in  the  green,  that  characteristic  of  log-wood  being  situated  at  4|  of  my 
scale,  while  that  of  Brazil  wood  is  further  from  the  red  end,  at  5^,  and 
the  solution  is  sti-ongiy  fluorescent,  of  a  peculiar  orange  colour.  These 
spectra  are  so  characteristic  and  can  be  so  easily  compared  with  those 
of  the  substances  themselves,  that  an  extremely  minute  quantity  of 
either  would  be  detected  with  certainty.' 

Rhatany  root  may  be  detected  by  evaporating  the  wine  nearly  to 
dryness  and  exhausting  the  residue  with  alcohol.  The  solution  is 
pom-ed  oiF,  and  after  it  has  become  quite  clear  it  is  examined  with  the 
spectroscope.  There  is  a  moderately  distinct  band  at  3f  of  Sorby's 
scale,  and  a  fainter  at  7\. 

The  berries  of  the  Virginian  Poke  contain  a  colouring  matter  which 
is  characterised  by  a  band  at  4f  and  one  at  7f ,  both  of  which  are  more 
distinct  in  alcoholic  solution  than  when  dissolved  in  water. 

'  These  substances  may  be  changed  by  keeping  long  in  solution, 
and  therefore  might  not  be  detected  in  old  wines.' 

For  fuller  details  the  reader  is  referred  to  vol.  xv.  p.  432,  of  the 
Proceedings  of  the  Eoyal  Society,'  and  to  vol.  xxxvi.  p.  358,  of  the 
'  Quarterly  Journal  of  Microscopical  Science.' 

It  is  strange  that  Mr.  Sorby  makes  no  reference  to  elderbenies, 
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tlie  colouring  matter  of  wliich  is  so  commonly  added  to  the  red  wines,, 
especially  port. 

Genuine  port  -wine,  according  to  Thudiclium  and  Dupre,  gives  a 
spectrum  showing  a  hroad  ahsorption  band  v}  yellow,  and  a  continued 
absorption  of  the  blue  and  violet,  but  the  juice  of  elderberries  g^ves  a 
spectnim  showing  a  narroAv  absorption  band  in  red  and  two  absorption 
bands  in  blue.  Eveiy  port  wine  or  other  wine  yielding  this  spectrum 
has  been  dyed  with  elderberry,  but  the  absorption  bands  are  lost  to  a 
gTeat  extent  as  the  wine  becomes  aged. 

Detection  of  sulphuric  acid. — The  total  amount  of  combined  sul- 
phm-ic  acid  present  in  the  -ndne  is  to  be  determined  in  the  usual  manner,, 
and  calcidated  for  sulphate  of  potash.  From  the  amount  of  this  salt 
present  a  deduction  of  36  grains  per  gallon  is  to  be  made,  this  being 
the  full  quantity  of  sulphate  of  potash  ever  likely  to  be  present  in  any 
wine  made  from  the  grape  only. 

Detection  of  carhonates  of  soda  and  2}otash. — When  these  alkalies  are 
added  to  wine  with  a  view  to  diminish  the  acidity,  they  are  of  course 
decomposed,  tartrates  of  soda  and  potash  being  formed.  We  therefore 
should  obtain  the  ash  of  50  cc.  of  the  wine,  and  make  the  usual  quan- 
titative determinations  of  the  allcalies,  comparing  the  amounts  with 
those  found  in  the  ash  of  genuine  wine. 

Detection  of  lead. — Processes  for  the  detection  of  this  metal  will  be^ 
found  describe'd  in  the  articles  on  '  Water '  and  '  Vinegar.' 

Soleras. 

'  The  best  wines,'  according  to  Thudichiun  and  Dupro, '  which  come 
xmder  the  description  of  vino  fmo,  Amontillado  and  Manzanilla  are 
used  for  the  production  or  keeping  up  of  soleras.  A  solera  is  a  thmg 
kept  by  itself ;  a  solera  wine  is  a  choice  old  cabinet  article.'  Soleras 
are  not  used  for  drinking  but  for  blending  with  other  kinds  to  give 
them  the  character  of  age  and  ripeness,  and  otherwise  to  improve  their- 
flavour  and  qiialities.  These  wines  are  kept  in  stock  in  butts  from 
year  to  year,  the  proprietor  drawing  off  a  portion  of  the  stock  for  mLv- 
ing  witii  wines  about  to  be  exported,  and  malring  up  the  original 
qifantity  by  an  addition  of  an  equal  amoimt  of  the  finest  wine  of  a  later 
vintage  which  he  can  obtain.  Solera  wine  is  therefore  a  mixtm-e  of 
several  kinds,  but  the  special  peculiarity  is,  that  these  mixed  wines 
undergo  and  induce,  the  one  from  the  other,  a  process  of  speedy  ether- 
ilication.  According  to  Thudichmn  and  Dupre,  '  the  process  becomes 
so  potent  in  some  soleras,  that  they  are  absolutely  nasty  and  undrink- 
able,  like  most  essences,  but  command  prices  from  800/.  to  1,000/.  per- 
butt  on  account  of  the  large  quantity  of  flavom-less  wines,  which  a 
certain  small  amount  of  them  is  able  to  infect  with  the  desired  sherry 
flavour.  The  solera  wine  is  thus  seen  to  correspond  to  the  liqueur  usei 
in  the  manufacture  of  champagne.' 
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CHAPTER  XLVI. 

SPIRITUOUS  LIQUORS  AND  THEIR  ADULTERATIONS. 

AxcoHOL  is  tlie  principal  and  most  Tahiable  constituent  of  all  fer- 
mented beverages,  as  of  loeer,  -wine  and  spirits,  beer  containing  only  a 
Tery  moderate  amoimt,  wine  a  mediiun  quantity,  but  spirits  liiost  of  all, 
the  variation  in  tbe  amount  ranging  from  3  per  cent,  as  in  the  case  of 
weak  beer,  up  to  over  50  per  cent,  as  in  that  of  undiluted  spirits. 

Alcohol  is  formed  from  all  liquids  subjected  to  fermentation  with 
yeast  or  other  nitrogenous  substances,  which  either  contain  sugar  or 
which  by  special  treatment  are  capable  of  fm-nishing  that  substance, 
as  starch  and  ^voody  Jihre.  under  the  influence  of  diastase  or  dilute 
sulphiu-ic  acid.  It  does  not  matter  what  the  kind  or  source  of  the  sugar 
may  be,  as  (/lucose,  under  which  are  included  dextrose  and  Icemlose, 
milk  sugar  Ka(\.  cane  sugar  aU  furnish  alcohol,  millc  sugar  being  con- 
vei-ted  prior  to  its  transformation  into  galactose,  and  cane  sugar  into- 
glucose  in  the  form  of  invert  sugar,  which  is  a  mixture  of  dextrose  and 
Ise-vadose. 

_  At  the  same  time  that  the  alcohol  is  formed  fi-om  the  sugar,  carbonic 
acid  is  lilce-nnse  "•euerated ;  the  formula  whereby  these  decompositions- 
are  represented  is  as  follows : — 

Glucose,  C(jHi206=2  CgHeO,  Alcohol,  +2  COo,  Carbonic  acid. 

But  since  the  various  infusions,  as  of  unnialted  grain,  malt,  potatoes,, 
sugar,  molasses,  the  juice  of  fruits,  as  of  the  apple,  pear  and  grape, 
contain  a  variety  of  other  substances  besides  the  sugar  or  matters  con- 
vertible thereinto,  when  these  liqiuds  after  fermentation  are  subjected 
to  distillation  a  number  of  other  volatile  products  besides  the  alcohol 
pass  over  into  the  receiver. 

Thus  in  the  case  of  molasses  hutyric  ether  is  produced  in  quantity 
sufficient  to  impart  to  the  rum  much  of  its  characteristic  aroma ;  in 
that  of  the  "i-am  and  potato,  fusel  oil,  which  also  gives  to  the  spirit 
Its  peculiar  flavour,  odom-  and  other  loroperties,  and  in  the  case  of  wine- 
and  brandy  cenanthic,  as  weU  as  some  other  ethers,  in  minute  quantities.. 

Now  of  these  volatile  substances  some  are  very  valuable  constituents 
of  the  products  of  distillation,  as  the  cenanthic  ether  in  brandy,  but 
others  are  objectionable  on  account  of  their  smell  and  injurious  pro- 
perties, and  have  in  some  cases  to  be  removed,  as  the  fusel  oil  of  grain 
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find  potato  spirit,  where  an  alcohol  pm-e  or  nearly  pure  is  required,  and 
hence  recom-se  is  had  to  the  operations  of  rectification  and  defuselation. 

By  the  first  distillation  of  any  fermented  liquor  the  alcohol  which 
passe's  over  is  diluted  with  a  very  large  quantity  of  water,  from  much 
of  which  it  has  to  he  freed  by  fractional  distillation,  and  where  absolute 
alcohol  is  required  by  dehydration  with  chloride  of  calcium,  caustic  lime, 
or  carbonate  of  potash. 

Althouo-h  in  the  present  article  we  propose  to  treat  only  ot  brandy, 
nun  and  gin,  yet  a  variety  of  other  spirits  are  made  and  exte.nsively 
consumed  in  various  parts  of  the  world,  as  the  arrack  of  the  Hindoos, 
made  from  rice  or  the  araca  nut ;  the  rakld,  also  made  from  rice,  of  the 
Tm-ks  •  the  sam-shoo  of  the  Chinese,  from  the  same  gi-ain ;  the  toddy  of 
/the  Hindoos,  from  the  cocoa-nut ;  pulque  of  the  Mexicans,  from  the 
alo-ave:  the  chiea  of  the  South  Americans,  from  maize ;  ihQhoumtss 
.of'' the  Tartars,  from  mares'  milk ;  the  vodky  of  the  Russians,  from  the 
potato,  and  the  tallah  of  the  Abyssinians,  from  millet. 


Alcohol. 

Alcohol  in  its  pm-e  state  is  probably  perfectly  odourless ;  it  possesses 
•.a  burning  taste,  is  quite  colourless,  and  very  mobile  According  to 
Kopp  its  specific  gravity  at  20°  0.  is  0-792,  at  15-5°  0-7939,  and  at 
0°  0-8095  -  it  boils  at  78-4°  0.  In  its  anhvdrous  state  it  acts  as  a  poison, 
it  attracting  water  from  the  membranes  in  the  same  manner,  though 
in  a  less  degree,  as  oil  of  vitriol.  This  property  is  made  use  ot  in  the 
•preservation  of  animal  structures. 

Alcohol  as  yet  has  not  been  reduced  to  the  solid  state ;  at  very  low 
ctemperatures,  however,  it  becomes  viscid.  ^  ,  .  x  -u  jjh  j 

When  the  vapom-  of  alcohol  is  passed  through  a  red  hot  tube  filled 
with  pumice  stone,  a  great  variety  of  products  of  decomposition  are 
formed,  amongst  which  are^raier,  hydrogen,  marsh  gas,  olefiant  gas, 
naphthalin,  be/nzol  and  aldehyde.  _  ^     i,  + 

When  burnt  in  the  air  it  vields  only  carhome  acid  and  water,  but 
when  the  access  of  the  air  is  lunited,  aldehyde,  acetic  acid,  formic  acid, 
and  other  products  are  formed.  Concentrated  nitric  acid  decomposes 
alcohol  with  the  formation  oi  nitrate  of  ethyl  (nitrous  ether),  but  some 
aldehyde,  acetic,  formic,  saccharic,  oxalic,  glyoxyhc  mi  glycollic  acids 

are  also  produced.  ,   ,  ,  „     .       7  7  • 

Strono-  sulphuric  acid  combines  with  alcohol,  fonnmg  sidphovime 
acid,  or  ethyl-sulphuric  acid.  When  one  part  of  alcohol  is  mixed  mth 
two  parts  of  strong  sulphuric  acid  and  the  mixtm-e  heated  to  boiling, 

sulpLicov  ethylic  ether  (GJl.fi),  V^^' T't!" '  ^J^mO^'SifG. 
parts  of  sulphiu-ic  acid  are  employed  and  heated  to  160  01  180  O, 

olefiant  e-as  is  evolved.  .  1  „„ 

Now  since  olefiant  gas  is  an  important  constituent  of  coal  gas,  t 
has  beeu  proposed  to  manufactm-e  alcohol  from  this  gas  bv  passmg  it 
thiouX  Sncentrated  sulphuric  acid,  to  dilute  the  solution  thus  ob- 
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tained,  and  to  distil  the  mixture,  wlien  alcohol  passes  over.  At  the 
present  time,  however,  this  method  is  much  too  expensive  to  be  practi- 
cally employed. 

Preparation  of  Absolute  Alcohol.  < 

It  has  abeady  been  said  that  the  greater  part  of  the  water  which 
passes  over  with  the  spirit  in  the  first  distillation  is  separated  by  sub- 
jecting the  mixture  to  repetitions  of  the  process,  but  the  spirit  obtained 
in  this  manner  \riSS.  still  retain  some  8  or  9  per  cent,  of  water,  the 
complete  removal  of  which  may  be  effected  by  the  aid  of  the  chemical 
substances  already  enumerated.  Other  substances  sometimes  used  for 
the  same  purposes  are  acetate  of  potash  and  sulphate  of  copper.  Ab- 
solute alcohol  is  best  prepared  as  follows : — 

Well-diied  chloride  of  calcium  is  added  in  thick  lumps  to  spiiit  of 
i)0  per  cent.,  and  the  mixtm-e  is  allowed  to  stand  in  a  weU-closed  vessel, 
it  being  shaken  from  time  to  time.  After  a  few  days  about  two-thirds 
of  the  liquid  are  distilled  oft^  and  if  necessarj''  treated  with  chloiide  of 
calcium  a  second  time. 

When  a  bladder  is  filled  with  alcohol  containing  water,  the  water 
•evaporates  tkrough  the  bladder,  absolute  alcohol  at  length  only  re- 
maining. 

The  specific  gi'avity  affords  the  readiest  means  to  ascertain  whether 
the  alcohol  is  absolute  or  not,  but  the  presence  of  Avater  may  also  be  de- 
tected by  the  addition  of  some  white  dehydrated  sulphate  of  copper  ; 
if  this  turn  blue  by  the  absorption  of  water,  the  alcohol  is  not  yet 
absolute. 

Fusd  Oil. 

In  distilling  the  fermented  liquids  prepared  from  a  variety  of  sub- 
stances, as  from  various  descriptions  of  corn,  potato,  and  gi-apes, 
especially  the  murk  of  gi'apes,  A-arious  volatile  bodies  besides  ethylic 
alcohol  pass  over,  and  since  most  of  these  have  a  higher  boiling  point 
than  alcohol,  they  come  over  chiefly  with  the  later  portions  of  the 
■distillate. 

These  volatile  substances  have  received  in  the  aggregate  the  name  of 
f  mel  oil,  but  this  really  possesses  a  very  complex  composition,  differing 
somewhat  in  flavom-,  taste,  and  composition,  according  to  the  som-ce 
from  which  it  is  obtained.  The  odom-  is  heavy,  peneti-ating,  and  dis- 
agreeable, and  the  taste  fiery  and  nauseous.  It  always  contains  ethylic 
and  amylic  alcohols,  and  also  fatty  acids  and  ethers,  and  frequently 
other  lighter  members  of  the  monatomic  alcohol  series. 

The  oil  from  the  potato  consists  ahnost  entirely  of  amylic  and 
-ethylic  alcohols,  the  fomier  constituting  the  greater  part,  and  the  latter 
being  capable  of  separation  by  agitation  with  water.  Sometimes 
■potato  fusel  oil  is  found  to  contain  in  addition  tetrylic  or  hutylic  alcohol, 

The  oil  obtained  from  the  murlc  of  gi-apes  has  been  ascertained  to 
yield  tritylic  or  propylic  alcohol,  O3H8O. 
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Pusel  oil  from  Hungarian  wines  has  been  analj'sed  hj  F.  Grimm, 
and  was  found  to  consist  chiefly  of  amj-lic  alcohol  -with  a  little  ethylic 
alcohol,  hut  no  propylic  or  butylic  alcohol.  The  chief  acid  was 
caproic  with  a  little  caprylic,  and  a  very  minute  quantity  of  oenan- 
thylic  acid,  hut  no  pelargonic  acid. 

In  most  lands  of  fusel  oil  several  members  of  the  fatty  acid  series 
axe  met  with ;  capric  acid  in  the  form  of  caprate  of  amyl  has  been 
found  in  the  oil  from  Scotch  distilleries.  In  the  residue  obtained  in 
the  preparation  of  alcohol  from  wheat  and  maize,  Wetherill  found  acetic, 
ca])n/lic,  formic,  caproic,  and  cennnthylic  acids.  Johnson  has  detected 
capric  acid  in  potato  fusel  oil.  Mulder  has  found  jmlmitic  and  oenanthic 
acids,  a  very  small  quantity  of  cejianthic  ether,  and  an  imsaponifiable 
waxy  body  in  the  fusel  oil  from  rum. 

Fehliug  obtained  from  the  fusel  oil  of  beet  molasses  not  only 
several  volatile  fatty  acids,  but  a  neutral  fat,  which  when  heated  gave 
oiF  the  odour  of  acrolein,  and  which  when  saponified  jaelded  cnpric  acid. 

Perrot  found  in  the  fusel  oil  procm-ed  from  the  same  som-ce  various 
alcohols  and  ethers,  as  also  a  substance  in  the  form  of  «  fetid  liquid, 
having  the  formula  OgHjoO,  which  distilled  over  at  about  200°  0. 

Although  some  of  the  fusel  oil  passes  over  with  the  alcohol,  yet  as 
it  has  a  higher  boiling  point  than  alcohol  much  of  it  remains  behind 
in  the  retorts,  as  also  some  acetic  acid  produced  by  the  oxidation  of 
the  alcohol. 

A  portion  of  the  acetic  acid,  however,  passes  over  with  the  alcohol, 
and  this  may  be  separated  by  distillation  ^vith  carbonate  of  potassium, 
but  the  fusel  oil  is  more  difhcult  of  separation,  and  is  best  removed  by 
means  of  bone  black  or  animal  charcoal. 

Properties  of  fusel  oil. — Dr.  Taylor  remarks  of  fusel  oil,  that  '  in 
small  quantities  it  produces  intoxication.  I  have  experienced  the 
effects  of  the  vapour,  and  found  them  to  be  giddiness,  accompanied 
Avith  a  feeling  of  suflbcation  and  a  sense  of  falling.  Headache  followed 
which  lasted  for  half  an  hour. 

•  Two  drachms  of  the  oil  killed  a  rabbit  in  two  hom'S,  three  drachms 
in  an  hom-,  half  an  ounce  in  a  quarter  of  an  hour,  and  one  ounce  in 
fom'  minutes.' 

Much  of  the  uuwholesomeness  of  spirit  imperfectly  rectified  arises 
from  its  contamination  with  fusel  oil. 

Detection  of  fusel  oil. — When  the  nose  is  applied  to  spirits  in  its 
hot  state  containing  fusel  oil,  the  vapour  of  the  oil  irritates  the  eyes 
and  nostrils ;  it  has  very  nearly  the  same  smell  as  an  alcoholic  solution 
of  cyanogen,  as  may  be  perceived  by  standing  near  the  discharge-pipe 
of  tiie  refrigeratory  worm  of  a  raw-grain  whisky  still.  Spirits  con- 
taminated with  fusel  oil  intoxicate  more  strongly  than  pure  spirits  of 
the  same  strength,  and  excite,  in  many  persons,  even  temporary  frenzy 

If  one  part  of  hydrate  of  potash,  dissolved  in  a  little  water,  beT 
mixed  with  150  parts  of  spirits,  and  the  mixtm-e  be  well  shaken,  then 
slowly  evaporated  down  to  15  parts,  and  mixed  with  15  parts  of  dilute 
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sulphuric  acid  in  a  well-corked  phial,  there  will  soon  exhale  from  the 
mixture  a  peculiar  ofiensive  odour  characteristic  of  the  quality  and 
origin  of  the  impure  spirit,  whether  obtained  from  raw  grain,  from 
malt,  potatoes,  rye,  arrack,  rum,  brandy,  &c.  This  process  may  he 
used  also  for  testing  wines. 


The  Defuselation  of  Alcohol. 
_  The  separation  of  the  fusel  oil  invariably  contained  in  all  crude 
spirits  obtamed  by  distillation  is  a  matter  of 'considerable  importance 
and  difhculty  since  fusel  oil  imparts  to  spii-it  a  peculiarly  unpleasant 

Although  the  boiling  points  of  ethylic  and  amylic  alcohols  are 
widely  difterent,  namely,  78-i°0.  and  132°  C.,  it  is  not  possible  to  sepa- 
rate the  two  alcohols  by  fi-actional  distillation,  since  fusel  oil  evaporates 
to  a  considerable  extent  even  at  ordinary  temperatures 

The  absorbing  power  of  icood  charcoal  is  the  meaas  most  generaUv 
made  use  of  m  the  defoselation  of  spirits.  The  charcoal  should  bi 
recently  ignited  and  reduced  to  a  fine  powder.  The  spirit  must  be 
allowed  to  filter  s  owly  through  it,  but  frequently  the  charcoal  is 
directly  put  into  the  still,  where  it  retains  a  part,"but  by  no  means 
the  whole,  of  t^e  fusel  oil  A  better  method  k  s^pamtio^nl  to  p^ss 
the  vapour  of  the  spmt  before  condensation  thi-ough  a  stratum  of  wood 
charcoal.  >vuuu. 

The  emplojanent  of  a  layer  f  dioxide  of  manc,anese,  besides  the  use 
of  charcoal,  the  addition  of  slaked  lime  and  of  soap-boiler's  lye  have  all 
been  recommended.^  A  solution  of  chlonde  of  lime  added  to  the  spirit 
before  rectification  is  frequently  employed.  Chloride  of  zinc  and  chllide 
of  calcium,  as  also  snlphcde  of  copper  decomposed  by  caustic  potash 
have  been  proposed.  Lastly,  Hunefeld  recommends 
^mm  but  this  acts  both  upon  the  ethylic  alcohol  and  upon  the  fusel 
oil,  the  spirit  having  imparted  to  it  a  disagreeable  flavour 

Milk  has  been  employed  for  the  defuselation  of  spirits.  Breton 
recommends  o^e.e  oil,  which  is  said  to  absorb  the  amyhc  alcohol  Sodl 
.oap  is  capable  of  retaining  20  per  cent,  of  its  weight  of  W  oil 

By  cooling  the  spirit  to  be  freed  from  amylic  alcohol  to  - 15°  6  the 
fusel  oil  falls  to  the  bottom  and  may  be  sepai-ated. 


The  Physiological  Action  of  Alcohol. 
The  question  is  as  yet  by  no  means  settled,  whether  alcohol  when 
taken  into  the  system  is  absorbed  without  alteration  and  elimimted 
undecomposed,  or  whether  any  is  decomposed  and  oSlised  n  the 
^lood     It  IS  certain  that  the  urine  of  persons  who  p!S  fi-eely  of 

'Zi   ..IT'Vv^'T'  ire  «f  alcohol,  wldch  maT  be 

:  aeparated  by  distillation,  the  distillate  being  in  some  cases  inflammaye 
The  opmion,  however,  which  was  fonnerly  entertained,  that  the  alcohol 
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accumulates  in  certain  organs,  as  in  the  liver  and  brain,  seenis  to  he 
without  foundation.  The  experiments  of  Dr.  Percy btrauch,  ISIasmg, 
and  others  seem  to  show,  that  all  the  alcohol  is  elimmated  as  such, 
whilst  SchuKnus  and  Anstie  affirm  that  a  part  disappears  in  the 

^■^^  men  talven  in  small  quantities,  alcohol  aids  digestion,  hut  the 
habitual  use  of  larger  amounts  induces  a  thiclcening  of  the  connective 
tissue  between  the  glands  of  the  stomach,  and  even  disappearance  of 
the  "-lands.  It  causes  enlargement  of  the  liver,  and,  when  injected 
into'the  portal  vein,  augments  the  quantity  of  sugar.  Alcohol  lessens 
the  secretion  of  carbonic  acid  through  the  lungs,  and  also  the  elimi- 
natino-  power  of  the  kidneys,  whilst  it  increases  at  &st  the  force  of  th& 
action  of  the  heart,  but  eventually  it  depresses  the  action  by  paralysmg 
the  vaso-motor  nerves.  •  •  i  • 

On  the  nervous  system  alcohol  acts  as  an  ansesthetic,  diminishing 
and  even  suspending  thought,  and  the  action  of  the  senses.  .  Althou^k 
in  some  cases  it  is  said  that  the  senses  are  sharpened  by  it,  yet  the 
experiments  of  Edward  Smith  show  that  this  is  not  the  case.  In 
moderate  doses  alcohol  causes  a  feeling  of  couifort  and  exhilaration, 
but  different  spirits  behave  very  differently  m  this  respect  probablv  in 
consequence  of  their  containing  different  ethers  and  volatile  oils.  Thu^ 
sam-shoo  and  rakki  cause  great  excitement,  followed  by  torpor  and  de- 
pression, while  absinthe  is  very  hurtful. 

^    The  voluntaiT  muscular  power  is  greatly  lessened,  especiaUy  by  the 
consumption  of  large  quantities  of  ardent  spirits,  and  m  ^ery  arge 
closes  the  respiratoiy  muscles  or  the  nerves  in  connection  with  them 
are  paralysed,  and  thus  death  is  not  unfrequently  caused.    The  tem- 
peratm-e  of  the  body  is  considerably  depressed  by  large  doses  of  alcohol 
Ld  this  is  abundantly  proved  by  the  evidence  of  Aix^tic  explorers,  aa 
Sr  John  Richardson,  Air.  Goodsir,  Dr.  King  Oaptain  Kennedy  Dr 
Kane,  and  others,  who  found  the  use  of  alcohol  under  the  influence  of 
great  cold  to  be  particularly  hurtful.  ^  .      .       ,  ...^^  . 

"  'Alcohol  appears  to  decrease  strength  and  mipair  nutrition,  by  hin- 
derino-  oxidation,  and,  if  in  large  quantities,  the  reception  of  food  , 
Shabitually  taken  in  any  large  quantity,  it  leads  to  degen-^oa 
of  the  tissues  of  certain  organs,  especially  of  the  liver,  the  neivous 
system,  the  heart,  lungs,  and  kidneys.'— Fctrkes. 

Methods  of  Estimating  the  Quantity  of  Alcohol  present  in  any 
Spirituous  Liquid. 

Saccharometers,  .fc.-Theve  are  several  methods  by  which  _th|; 
.mofSof  alcoliol  contained  in  any  spirituous  Hquid  maybe  determine^: 
amoimt     aicouu  ^  i        readiest  of  these  means  is 

^SXl^^^  of  the  spirit  by  a  ^V^^^^^^^ 
mpnt  for  liQuils.  Of  these  instruments,  many  different  lands  have 
Ten  ii^inXwitlx  scales  adapted  to  the  range  of  the  liquids  for  th^ 
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determination  of  tlie  density  of  which  they  have  been  constructed :. 
thus  vre  have  saccharometers,  hydrometers,  alcoholometers,  &c. ;  but  the 
principle  on  which  these  instriunents  are  constructed  is  alike  in  all 
cases.  t\xQ  succhcirometer  ih.Q  amount  of  extractive  matter  in  beer  or 
other  alcoholic  liquids  is  ascertained. 

Sykes'  hydrometer. — The  instriunent  in  general  nse  for  determining 
the  specific  gravity  of  spirituous  liquids  in  this  country  is  what  is 
Imown  as  Sykes'  hydrometer.  It  diflers  from  the  ordinary  hydrometer' 
in  the  division  of  its  scale,  and  also  in  the  nse  of  weights.  The  hy- 
drometer is  calculated  to  show  the  strength  in  spirit  either  above  or 
below  a  certain  fixed  standard,  denominated  'proof.'  Proof  spirit 
is  defined  by  Act  of  Parliament  to  be  '  such  as  shall,  at  a  temperature 
of  51°  of  Fahrenheit's  thermometer,  weigh  exactly  ^|  parts  of  an  equal 
measm-e  pf  distilled  water.'  That  is  to  say,  13  measures  of  proof 
spirit  weigh  as  much  as  12  measm-es  of  water.  The  stem  of  the  instini- 
ment  is  graduated  and  subdivided  so  as  to  meet  the  extremes  of 
variation  in  the  sti-ength  of  the  liquors  examined  by  it. 

Sykes'  hvdrometer  is  the  instrimient  mostly  used  by  the  Excise,  by 
brewers,  distillers,  and  publicans. 

Since  the  specific  gravity  of  a  spirituous  liquid  is  subject  to  great 
variations  at  different  temperatures,  it  is  necessary  that  the  tempera- 
ture of  the  spirit  at  the  time  of  taking  its  weight  should  be  noted  and. 
corrections  made  for  this  by  means  of  certain  tables  which  have  been 
consti'ucted  for  the  pm-pose.  The  standard  temperatm-e  at  which  the- 
specific  gravity  of  the  spiiit  is  usually  taken  is  60'^  Fahrenheit,  equal 
to  15-5°  0. 

The  specific  gravity  test  for  determining  the  amoimt  of  alcohol 
present  in  liquids  is  applicable  only  when  they  are  free  from  any  solid 
substance,  as  extractive,  sugar,  &c.,  the  presence  of  which  of  course 
influences  the  gm\-ity.  AVhen,  therefore,  any  liquid  cont<ains  sac- 
charine or  other  solid  matter,  it  is  requisite  that  the  spirit  should  be 
separated  by  distillation,  and  that  the  quantits^  and  specific  gravity  of 
the  alcohol  thus  obtained  shoidd  be  taken.  "VNTiere  strict  accm-acy  is 
required,  it  -wall  be  necessary  to  have  recom-se  to  distillation  in  almost 
all  cases,  since  there  are  but  few  spirits  which  do  not  contain  more  oi- 
less  solid  matter. 

Centesimal  alcoholometer. — The  instriunent,  invented  by  M.  Gay- 
Lussac  many  years  since,  called  the  centesimal  alcoholometer  is  a  con- 
siderable improvement  on  Sykes'  hydrometer.  The  instrument,  when  im- 
mersed in  any  spirituous  lic^uid  at  the  temperatm-e  of  15°  Centigrade, 
equal  to  59°  Fahr.,  at  once  indicates  the  quantity  of  alcohol  by  vohuue- 
present.  As  its  name  implies,  the  stem  is  divided  into  a  himdred  parts, 
or  degrees,  and  is  so  contrived  that  each  degree  represents  one-hundreth 
part  of  anhydrous  or  piu-e  alcohol ;  thus  the  point  at  which  it  floats, 
when  immersed  m  any  spirit  at  a  certain  temperature,  indicates  the- 
percentage  of  absolute  alcohol  contained  in  that-  spirit.  The  value 
of  this  instrument  is  that  it  shows  at  once  the  percentage  of  alcohol  
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:  all  subsequent  calculations,  vnth.  the  loss  of  time  involved  and  the  pos- 
:  siMlity  of  inaccm-acies,  being  thereby  avoided. 

j;6i6ZZjoscope.— Another  instrument,  constructed  on  a  totally  diffei;- 
ent  principle  to  the  ordinary  densimeters,  is  the  ehullioscope  or  ehulli- 
tion  alcoholometer.  This  iiisti-ument  is  based  upon  the  fact  that  the 
boilino-  point  of  spirituous  liquids  varies  according  to  the  amoimt  of 
-alcohol  contained  in  them  (a  discovery  made  by  tlie  Abb6  Brossard- 
Vidal,  of  Toidon),  without  its  being  essentially  modified,  like  the  other 
insti'umeuts,  by  the  presence  and  natiu:e  of  any  solid  ingredients  which 
may  be  contained  in  them.  _  .  .  i 

There  are  several  forms  of  this  instrument ;  there  is  the  original 
one  of  M.  Brossard-Vidal,  and  the  modifications  by  M.  Oonaty,  by 
AIM.  Lerebours  and  Secretan,  and  by  Dr.  Ure. 

The  mercurial  thermometer  used  in  the  modification  of  the  instru- 
ment by  MM.  Lerebours  and  Secretan  is  graduated  centesimally  in 
.  deo-rees,  which  correspond  to  those  of  the  centesimal  alcoholometer  of 
Gay-Lussac,  and  its  bulb  is  plunged  in  the  liquid  to  be  proved. 
Tlie  liquid  is  carefully  heated  bv  means  of  a  spirit  lamp,  the  flame  oi 
which  should  not  be  strong,  lest  it  occasion  the  too  rapid  ebullition^  oi 
the  spirit.    Before  using  the  instrument,  it  is  necessary  to  determine 
the  boiling  point  of  pure  water,  and  the  barometrical  pressure  of  the 
.  atmosphere  on  the  day  on  which  the  experiments  are  made. 

In  Dr.  lire's  modification  of  the  instrument,  the  scale  is  adapted  to 
that  of  Svkes' hydrometer. 

It  would  be  of  the  greatest  possible  advantage— would  save  mucii 
time  and  trouble— if  densimeters  of  aU  Idnds  were  revised,  and  were 
reduced  to  one  uniform  centesimal  scale,  as  is  done,  m  fact,  in  many  ot 
the  instruments  in  use  on  the  Continent.  _ 

The  ebidlioscope  is  probablv  sufficiently  accurate  m  the  resu  ts 
which  it  furnishes  to  atibrd  considerable  service  to  the  distiller,  the 
;rectifier,  the  wine-malcer,  and  the  brewer;  but  it  is  certainly  not  so 
-where  extreme  accuracy  is  required.  ,  .  ,  i  i 

Alcoholometric  dikkometer.—Anofhev  instrument  which  has  been 
invented  for  the  determination  of  the  proportion  of  alcohol  in  spirituous 
liquids  is  the  alcoholometric  dUatometer  of  M.  Silbermann.  _  By  tins 
instrument,  the  amount  of  spirit  is  determined  by  the  dilation  oi  the 
spirituous  liquid  at  various  temperatures. 

Another  instrument  has  been  devised  by  M.  Geissler,  of  Bonu,_  based 
upon  the  expanding  power  of  the  steam  obtained  by  heating  a  spmtuous 
lifiuid  This  power  is  measured  by  the  height  of  a  column  of  mercury, 
w-liich  can  be  raised  by  the  steam  at  a  heat  of  100°  0.  The  mstrument 
is  called  a  vaporimeter.  4.1    q  „f  '  i 

Smcific  Qrnvitif  Bottle.— Bnt  the  most  accm-ate  method  ot  detei- 
mininn-  the  quantity  of  alcohol  contained  in  spirituous  liquids  Iroia^t 
their  specific  gravity  is  by  means  of  the  specific  gravity  bottle. 
u       this,  the%ame  precautions  with  regard  to  tempemture  and  he  • 
T^resence  of  any  solid  substance  in  the  spirit  must  be  observed  as  m  the< 
Employment  of  some  of  the  other  instruments  above  refen-ed  to. 
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For  ordiuary  piu-poses,  in  the  hands  of  manufactui-ers  and  dealers, 
of  all  the  instruments  for  determining-  the  strength  of  spirituous 
liquors,  the  centesimal  alcoholometer  of  M.  Gaj^-Liissac  is  the  safest 
•and  best,  and,  next  to  tliat,  Sykes'  hydrometer.  But  the  chemist, 
when  any  solid  matter  is  contained  in  the  liquid  to  be  examined^ 
should,  in  all  cases,  separate  the  alcohol  by  distillation  and  determine 
its  amount  from  the  specific  gravity  of  the  distilled  liquid,  and  this  is 
the  method  by  which  Ave  have  proceeded  in  the  determination  of  the 
alcohol  contained  in  the  samples  of  spirits  the  results  of  the  analyses 
of  which  we  shall  shortly  make  known.  The  exact  steps  to  be  adopted 
are  as  follows : — 

Alcoholometrical  Table  of  Tralles. 


{  Alcohol  in 
IDOMeasnres 
I  of  Spirit. 


0 
1 
2 
3 
4 
.5 
(5 
7 
8 
!) 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
2!) 
30 
31 
32 
33 
34 
35 


Specific  Gravity 
at  60°Falir. 


9991 

9976 

9961 

9947 

9933 

9919 

9906 

9893 

9881 

9869 

9857 

9845 

9834 

9823 

9812 

9802 

9791 

9781 

9771 

9761 

9751 

9741 

9731 

9720 

9710 

9700 

9689 

9679 

9668 

9657 

9646 

9634 

9622 

9609 

9596 

9583 


Difference 

of  the 
Spec.  Grav. 


15 

15 

14 

14 

14 

13 

13 

12 

12 

12 

12 

11 

11 

11 

10 

11- 

10 

10 

10 

10 

10 

\l 

10 
10 

11 

10 

11 
11 
11 

12 
12 
13 
13 
13 
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Alcohol  in 
100  Measures 
of  Spirit. 

Specific  Gravity 

nf.  fiO°  TTjiVir 

Difference 

of  the 
Spec.  Grav. 

36 

9570 

13 

37 

9556 

14 

38 

9541 

15 

39 

9526 

15 

40 

9510 

10 

41 

9494 

16 

42 

.9478 

10 

43 

9401 

17 

44 

9444 

17 

45 

9427 

17 

46 

9409 

18 

47 

9391 

18 

48 

9373 

18 

49 

9354 

19 

50 

9335 

19 

51 

9315 

20 

52 

9295 

20 

53 

9275 

20 

54 

9254 

21 

55 
56 

9234 

20 

9213 

21 

57 

9192 

21 

58 

9170 

22 

59 

9148 

22 

60 

9126 

22 

61 

9101 

22 

G2 

9082 

22 

63 

9059 

23 

64 

9036 

23 

05 

9013 

23 

66 

8.089 

24 

67 

8965 

24 

68 

8941 

24 

09 

8917 

24 

70 

8892 

25 

71 

8867  1 

25  1 
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Alcolwlometrical  Table  of  Tralleg. 


Alcohol  in 
of  SpWt. 

Specific  Gravity 
at  00°  Falir. 

of  the 
Spec.  Grav. 

Alcohol  in 
100  Moasvires 
of  Spirit. 

72 

8842 

25 

87 

73 

8817 

25 

88 

74 

8791 

26 

89 

75 

8765 

26 

90 

76 

8739 

26 

91 

77 

8712 

27 

92 

78 

8685 

27 

93 

79 

8658 

27 

94 

80 

8631 

27 

95 

81 

8603 

28 

96 

82 

8575 

28 

97 

83 

8547 

28 

98 

84 

8518 

29 

99 

85 

8488 

30 

100 

86 

8458 

30 

Si»ciflc  Gravity 
at  GO"  Fahr. 


Difference 
of  the 
I  Spec.  Grav, 


8428 
8397 
8365 
8332 
8299 
8265 
8230 
8194 
8157 
8118 
8077 
8034 
7988 
7939 


30 
31 
32 
33 
33 
34 
35 
36 
37 
39 
41 
43 
46 
49 


100  cc  of  tlie  spirit  are  distilled,  and  the  distillation  earned  nearly  to 
dryness:  the  distillate  is  made  up  with  distilled  water  to  the  ongmal 
hulk,  a-^ain  hrouo-ht  to  a  temperature  of  15-5°  0.  and  its  specific  gra^aty 
ascertafned.    These  pai-ticulars  heing  determined,  the  percentage  of 
alcohol  is  ascertained  by  the  alcoholometrical  tahle  of  TnxUes,  p.  bUl. 

The  third  column  of  this  tahle  exhibits  the  difference  ot  the 
specific  gravities  which  give  the  denominator  of  the  fraction  for  such 
densities  as  are  not  found  sufhciently  near  in  the  table  and  the  dif- 
ference of  their  numerators  is  the  next  greatest  to  the  density  lound 
in  the  table  ;  for  example,  if  the  specific  g-ravity  of  the  liquor  found 
for  15-5°  0.  be  9605  (the  percentage  will  be  between  63  and  Si), 
the  difierence  from  9609  (which  is  the  next  greatest  number  m  the 
tabled  =4,  and  the  fraction  is  f^,  therefore  the  true  percentage  is 
33  or  decimally,  thus,  33-31.  In  order  to  ascertain  the  amount, 
bv  voWe,  of  alcohol  in  the  gin  or  other  spirit  under  examination, 
it  is  necessary  to  proceed  as  follows:— In  order  to  find  the  percentage 
of  absolute  alcohol  of  7939  specific  gravitj-  in  a  sample  of  spirit,  the 
^npcific  e-ravity  of  the  spirit  is  looted  for  in  the  second  column  of 
the  table  and  if  the  exact  figure  be  not  found  the  next  higher  gi-avity 
^'^  taken  '  For  instance,  we  have  obtained  a  distillate  having  a  specific 
rravitv  "of  9436,  then  we  find  in  the  table  that  the  next  Wgher  specific 
TrJav  tV  of  9444  corresponds  to  44  per  cent,  of  alcohol.  The  difierence 
between  the  two  specific  gravities  is  then  calculated-in  this  case  it  is  &. 
I?the  third  column  we  fi'nd  that  a  diflBreuce  of  17  con-esponds  to  one 
;L  cent  of  ak^^^^  a  difi-erence  of  8  therefore  to  0-47  per  cent.,  which 
has  to  be  added  to  the  whole  number  found.    A  spirit  of  a  specific 
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gravity  of  9436  contains  consequently  44-47  per  cent,  by  measure  of 
absolute  alcohol. 

But  now  supposing  we  have  subjected  150  cc.  to  distillation,  and 
nave  obtained  100  cc.  of  distillate,  which  we  found  to  contain  44-47  per 
cent,  of  alcohol,  we  have  to  consider  that  this  percentage  was  obtained 
from  160  cc.  We  say,  therefore,  150  :  44-47  =  100  :  .r,  and  by  calcu- 
lating this  sunple  rule  of  three  sum,  we  find  .r  to  be  29-6  per  cent. 

Detection  of  fusel  oil.— There  are  no  chemical  reactions  unfor- 
tunately whereby  the  presence  of  this  oil  in  the  minute  quantity  in 
which  It  IS  ordinarily  contained  in  the  wines  and  spirits  of  commerce 
may  be  detected,  much  less  estimated.  The  method  usually  relied 
upon  IS  the  odom-  of  the  oil.  This  is  best  perceived  when  the  ethylic 
alcohol  has  either  been  allowed  to  evaporate  or  when  it  has  been 
separated  bv^  certain  special  means.  A  yeiy  simple  and  common  prac- 
tice IS  to  rub  some  of  the  spirit  between  the  hands  and,  after  allowin^r 
the  alcohol  to_  evaporate,  the  odom-  may  sometimes  be  perceived. 

Ur  a  portion  of  the  spirit  may  be  put  into  a  glass  or  bottle  with 
some  porous  chlonde  of  calcium,  when  the  odoiu-  of  the  fusel  oil  will 
become  alter  the  lapse  of  some  hoiu-s,  very  perceptible.  See  p.  796 
lor  fiu-ther  details.  r      r  f 


BRANDY  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  foreign  spirit,  suffar,  any  acrid  or  carminative  substance  or  anv 
\YS^rT."'T''''''^  '-""'^  '^^"•"'^        derived  from  the  grap7 

50  peTrt^fyCCe""     *°  "'^"^       ^^'■^^'^'^^^  °'  ^^-^"^^  aleoholir; 

is  obtained  by  the  distiUation  of  both  white  and  pale  red 
S  thpTf!''^"''f^"'''  also  from  the  murk  left  in  the  win^e  press, 
and  the  refuse  of  wme  casks.    One  of  the  largest  brandy-prodScin^ 

SeirillLTo^V'  "^"T^-  strength  KSy 

depend  upon  that  ot  the  wine  from  which  it  is  prepared ;  and  as  a  rule 

7oklue™st  SV''  best  brandy,  since  th^y  Ltdn  more  of  the 
>olatUe  constituents,  especiaUy  cenanthic  ether,  than  the  red. 

neci^kr  lr2Z  ^T""  II  '°  ^^'l"'^*^  ^'''^''^  b^a^dy  possessed  of 
peculiar  aromas ;  thus  the  Amines  of  Selleuil,  in  Dauphinl  fiu-nish  a 

ia  vSr^f  f ' -Tr'"^" ^^'"•"^^"'^  ^'-'^  ^l^il^  thffe  of  St  Se' 
in  Viv  arais,  a  spirit  having  the  odour  of  the  violet. 

ror,Z  Z^^T^  ^ff'y^'T-^  ^^'}  q^'alities  of  brandy,  the  best  is  true 
3S  S  V  °^^^^"^«?,l^y  tl^e  distillation  of  wines  of  a  superior 
of  til^;?    .  f '     ^''''f  ^r"^  ^^i^^s  a  quantity 

bououet  IT^^^^  "'^'^''i  •  ^°^=^tWl^ave  less  of  the  characteristic 
bouquet  and  flavour  which  distinguish  brandies  of  the  first  quality. 

3  F  2 
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But  owing  to  the  perfection  of  the  machinery  now  employed  in  the 
distillation  of  spirituous  liquids,  a  superior  product  is  obtained  from 
many  inferior  descriptions  of  wine. 

A  brandy  of  a  lower  quality  is  obtained  in  Spain  and  Portugal 
from  the  dark  red  wines  of  those  countries. 

In  France  the  brandy  sold  is  usually  of  two  strengths— the  one 
contains  from  18  to  20  degrees  Baume,  and  is  called  '  eau  de  vie  a 
preuve  de  HoUande,'  and  the  other  '  eau  de  vie  a  preuve  d'huile ; '  but 
the  brandies  as  first  made  are  stronger  than  the  '  preuve  de  Hollande,' 
and  are  distinguished  as  five-six,  four-five,  three-four,  two-three,  three- 
five,  four-seven,  five-nine,  six-eleven,  three-six,  three-seven,  three- 
eight,  and  three-nine.  „        .      .  •, 

The  brandies  of  different  districts  are  stated  to  be  all  distinguish- 
able by  an  experienced  dealer  by  peculiarities  in  their  aroma  and 

fiavour.  ... 

Genuine  French  brandy  commonly  exhibits  an  acid  reaction,  owing 
to  the  formation  of  a  miniite  quantity  of  acetic  acid,  when  it  is  apt  also 
to  contain  acetic  ether.  Of  course  when  kept  in  casks  for  a  long  time 
it  may  take  up  therefrom  both  astrinr/ent  colourimj  matters.  When 
jirst  distilled  braudv  is  perfectly  colourless,  pale  brandy  obtaining  the 
colour  which  it  exhibits  from  the  cask  in  which  it  is  kept,  while  brown 
brandy  is  coloured  wath  sugar  or  caramel,  dissolved  in  lime  water. 

Ui-e  says  that  brandy  is  sold  usually  about  10  per  cent,  under  proof, 
equal  to  S'O'So  per  cent,  of  alcohol  by  volume. 


THE  ADTTLTEBATIOlfS  OF  BEANDY. 

One  of  the  most  frequent  adulterations  of  brandy  is  with  roater. 

Another  adulteration  is  with  spirit  obtained  from  com,  sugar, 
molassefi,  beetroot,  or  jjotatoes.  .  ■.  ^-^  ,  j 

In  some  cases  one  or  other  of  these  different  spirits  is  substituted 
for  genuine  brandy,  the  flavour  of  brandy  being  communicated  to  them 
by  artificial  flavoWings,  but  the  requisite  colour  being  obtained  by 
means  of  bm-nt  sugar. 

Much  of  even  the  French  brandy  imported  into  this  countiy  con- 
sists either  in  part  or  wholly  of  corn,  but  more  frequently  of  beetroot 

^^"strange  to  relate,  a  veiy  large  quantity  of  corn  spirit  has  of  late 
been  imported  into  France,  to  be  used  in  the  adulteration  of  French 
brandy  Part  of  this  corn  spirit  is  returned  to  us  in  the  form  of 
brandy  this  adulterated  brandy  on  its  arrival  in  this  country  under- 
.roing  in  many  instances  further  adulteration  by  the  addition  of  more 
corn  spirit,  and  thus  it  becomes  doubly  adulterated.  ,     _^  c 

The  article  kniowu  as  British  hrandy  consists  for  the  most  part  ot 
corn  spirit  flavoured.  The  flavouring  is  accomplished  sometimes  by 
the  addition  of  a  little  genuine  brandy,  but  more  frequently  by  distil- 
lation of  the  murk,  the  name  given  to  the  refuse  sk-iiis  and  pips  ol  tue 
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grape  left  after  the  distillation  of  the  -svine.  '  The  British  brandy 
maker  buys  up  this  murk,  and  imports  it  into  this  country,  payino- 
upon  it  the  same  duty  as  upon  wine.  By  distilling  British  molasses 
over  these  lees,  the  manufacturer  obtains,  to  some  extent,  the  peculiar 
tiavoiu-  which  characterises  French  brandy.' — Trichs  of  Trade. 

The  late  Br.  Normandy,  in  reply  to  a  question  put  to  him  by 
Mr.  Scholefield,  Chairman  of  the  Parliamentary  Committee  relative  to 
the  Adulteration  of  Food  of  1855,  made  these  remarks  in  regard  to 
the  flavom-ing  of  brandy  by  means  of  artificially-prepared  essences : — 
'  Brandy  is  extensively  prepared  in  this  country,  especially  since  the 
discoveries  of  modern  chemistry  of  producing  essential  oils  artificially 
— oils  which  have  the  odom-  of  that  particular  ether  to  which  brandy 
owes  its  flavour.' 

When  molasses  spirit  is  employed  it  is  necessary  it  should  be  pre- 
viously rectified  by  distillation  over  freshly-burnt  charcoal  and  quicli- 
lime.  Indeed  it  is  essential  that  all  spii-its,  especially  potato  spirit, 
employed  in  the  adulteration  of  brandy  should  undergo  careful  recti- 
fication, in  order  to  free  them  from  the  peculiar  tastes  and  odoiu-s,  which 
might  but  too  plainly  reveal  the  nature  and  origin  of  the  spirit. 

Receipts  are  of  coiu-se  not  wanting  for  the  manufacture  of  spiu-ious 
French  brandy.  Dr.  Ure  gives  the  following  foi-mula  as  one  which 
is  employed  for  converting  corn  sjmit  into  imitation  brandy.  Pure 
alcohol  is  to  be  diluted  to  the  proof  strength ;  to  every  hundredweight 
of  the  spirit,  half  a  pound  of  arr/ol,  wine-stone,  or  cream  of  tartar  pre- 
viously dissolved  in  water,  is  added,  as  well  as  a  little  acetic  ether, 
some  French  wine  vinegar,  bruised  French  plmns,  and  Jioiver  stuff 
fi-om  Cognac  (murk).  The  spirit  is  then  to  be  distilled  ofl*,  with  a 
gentle  fire,  in  an  alembic  fiu-nished  with  an  agitator.  The  spirit 
which  comes  over  is  coloiu-ed  with  burnt  sugar  to  the  tint  required, 
and  roughened  to  the  taste  with  a  few  drops  of  the  tinctm'e  of  catechu 
or  Icino. 

Oak  sawdust  and  tincture  of  ffrajm  stones,  prepared  purposely  from 
the  mm-k,  are  used  to  impart  to  new  brandy  the  taste  of  an  old  spirit 
which  has  become  ripened  in  an  oaken  cask. 

_  The  author  of  a  work  on  '  Malted  and  Unmalted  Corn,  connected 
with  Brewing  and  Distilling,'  gives  the  foUowing  receipt  for  makino 
an  adulterated  brandy,  smtable  for  retail  piu-poses  :— 

To  10  puncheons  of  brandy   .      .      .  1,081  gallons 

Add  fiavounng  raisin  spirit  .       .       .  ng 

Tincture  of  grains  of  paradise       .      ,*  4  " 

Cherry  laurel  water      ....  2  " 

Spirit  of  almond  cake    .      .      !      '  9  " 

Total      .      ,       1,207  gallons. 

Add  also,  10  handfuls  of  oak  sawdust,  and  give  it  complexion  with 
Dui-nt  sugar. 
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The  case  of  "brandy  aftbrds,  tlien,  an  apt  illustration  of  the  pitch  of 
refinement  to  which  the  art  of  adulteration  has  reached  in  these  days. 

Results  of  the  Examination  of  Samples. 

Of  eighteen  samples  of  brandy  subjected  to  examination — 

The  alcohol  ranged  from  30  to  50  per  cent,  by  volmue. 

The  majority  of  the  samples  consisted  of  so-called  British  brandy. 

Nearly  all  the  brandies  were  coloured  with  burnt  sugar. 

Lastly,  in  none  of  the  samples  was  Cayenne  present.  This  is  par- 
ticularly worthy  of  note,  because  some  of  the  brandies  were  procm-ed 
at  houses  at  which  both  the  gin  and  rum  were  found  to  be  adulterated 
with  that  substance.  This  at  least  shows  that  acrid  substances  are  not 
so  frequently  employed  in  the  adulteration  of  brandy  as  of  other  spirit- 
uous liquors.    This  result  is,  therefore,  in  some  degree  satisfactory. _ 

Brandy  and  rum  are  seizable  if  sold  by  or  found  in  the  possession 
of  the  dealer  unless  it  possesses  a  certain  strength,  17  per  cent,  below 
proof,  by  Sykes'  hydrometer,  equal  to  40  per  cent,  by  weight.  The 
follo-wiug  are  the  words  of  the  Act  30th  Geo.  III. : — 

'  No  distiller,  rectifier,  compounder,  or  dealer  shall  serve  or  send 
out  any  foreign  spirits  of  a  lower  strength  than  that  of  one  in  six  under 
hydrometer  proof,  nor  have  in  his  possession  any  foreign  spiiits  mixed 
together  except  shrub,  cheny  or  raspberry  brandy,  of  lower  strength 
than  as  aforesaid,  upon  pain  of  such  spirits  being  forfeited  ;  and  such 
spirits,  with  the  casks  and  vessels  containing  the  same,  may  be  seized 
by  any  officer  of  Excise.' 

It  will  be  perceived  that  many  of  the  brandies  examined  by  us  were 
sold  in  violation  of  the  Act  above  quoted,  and,  as  usual,  without  let  or 
hindi'ance  by  the  Excise. 


BETECTIOK  OF  THE  ADTTLTEKATIONS  OF  BRANDY. 

The  adulterations  of  brandy  already  noticed  are  with  icater,  foreign 
spirit,  sugar,  burnt  sugar,  and  various  substances  to  impart  flavour  and 
aroma,  as  (/rains  of  paradise,  tincture  of  catechu  or  hino,  a  tincture 
prepared  from  the  seeds  of  the  grape,  artificial  esse7U'e  of  brandy,  raism 
spirit,  cherry  laurel  water,  and  the  water  distilled  from  almond  cake. 

If  we  except  grains  of  paradise  the  other  substances  used  are  usually 
present  in  too  minute  quantities  to  be  discoverable  by  the  oi-dmary 
methods  of  analysis  pursued  operating  on  the  quantity  of  brandy  usually 
submitted  to  the  analyst.  We  therefore  do  not  propose  to  dwell  upon 
the  methods  whereby  some  of  the  substances  above  enumerated  might 
under  certain  favourable  circmnstances  be  detectable,  but  we  limit  our 
observations  to  water,  extraneous  spirit,  sugar,  burnt  sugar,  and  gi-ams 

°^  ^TFrt^er  — The  amount  of  water  present  in  any  spirituous  liquor  not 
containing  any  considerable  quantity  of  soUd  matter  maybe  approxi- 
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mately  determined  by  simply  taking  the  specific  gi'a\-ity  of  the  liquid 
and  deducing  from  it  by  reference  to  certain  tables,  which  have  been 
specially  prepared  for  the  purpose,  the  amount  of  absolute  alcohol  or 
spirit  thereby  indicated.  But  when  solid  matter  is  present  one  portion 
of  the  spirit  must  be  distilled  and  the  amount  of  alcohol  in  the  dis- 
tillate determined,  and  another  portion  must  be  evaporated  on  the 
water-bath,  and  the  solid  matter  present  so  ascertained.  With  these 
data  the  quantity  of  water  is  then  determined  by  difference. 

_  Extraneous  spirit. — The  rectification  of  potato,  corn,  and  other 
spirits  not  derived  from  the  grape  is  in  these  days  usually  so  perfect 
that  the  detection  of  foreign  spmt,  that  is,  spu'it  not  derived  from  the 
^Tape,  is  impossible  in  many  cases.  When,  however,  the  spirit  is 
less  perfectly  rectified  and  contains  minute  quantities  of  fusel  oil,  it 
may  be  discovered  in  some  instances  by  the  methods  already  referred 
to  for  detecting  the  disagreeable  and  characteristic  odour  of  that  sub- 
stance.   See  pages  796  and  803. 

Suffar. — For  the  determination  of  sugar,  whether  grape  or  cane,  we 
refer  the  reader  to  the  article  on  '  Sugar.' 

Burnt  sugar. — See  the  report  on  '  Vinegar.' 

Detection  of  Cai/enne  pepjier  and  (/rains  of  paradise. — The  detec- 
tion of  Cayenne  and  grains  of  paradise  is  readily  effected  in  the  case 
of  brandy  and  other  spirits  by  simply  evaporating  a  portion  of  the 
spirit  and  tasting  whatever  residue  be  left.  The  presence  of  Cayenne 
is  sufficiently  demonstrated  by  the  in-itating  character  of  the  vapom-s 
•evolved  when  the  substance  containing  it  is  bm-nt.  Supposing  the 
fiery  and  pungent  residue  not  to  give  ott'such  vapom-s,  this  would  lead 
to  the  inference  that  the  substance  to  which  the  pungency  was  due 
really  consisted  of  grains  of  paradise,  but  since  these  contain  not  only 
a  fi^xed  resin  of  an  acrid  and  burning  taste,  but  also  a  volatile  oil 
ha%-ing  the  smell  of  camphor  and  a  hot  penetrating  taste,  a  fm-ther 
means  of  discrimination  is  thereby  afforded. 


RUM  AND  ITS  ADULTERATIONS. 

DEFINITION  OP  ADULTERATION. 

Any  foreign  spirit,  added  sugar,  or  any  acrid  or  carminative  substance,  or  any 
■substances  employed  to  produce  flavour  and  aroma.  Water  in  such  proportion 
as  to  reduce  the  absolute  alcohol  to  below  50  per  cent,  by  volume. 

Etjm  is  the  spirit  obtained  from  the  fermented  skimmings  of  the  juice 
•of  the  sugar  cane,  mixed  with  a  proportion  of  molasses  and  lees,  and 
•diluted  with  water. 

'  The  wort  is  made  in  Jamaica  by  adding  to  1,000  gallons  of  dunder 
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120  gallons  of  molasses,  720  gallons  of  skimmings  (  =  120  of  molasses- 
in  sweetness)  and  160  gallons  of  water;  so  that  there  may  he  in  the 
liquid  nearly  12  per  cent,  of  solid  sugar.  Another  proportion  often 
used  is  100  gallons  of  molasses,  200  gallons  of  lees,  300  gallons  of 
skimmings,  and  400  of  w^ater  ;  the  mixtiu-e  containing,  therefore,  16  per- 
cent, of  sweets.' — Ure. 

From  1,200  gallons  of  the  saccharine  liquid  thus  prepared  usually 
ahout  115  gallons  of  rum  of  the  strength  of  proof  spirit  are  obtained. 

In  France  a  large  quantity  of  spirit  is  made  from  the  molasses  of 
the  beetroot  sugar  manufactm-e. 

It  sometimes  happens,  in  consequence  of  the  large  quantities  of  lime 
and  potash  contained  in  the  liquor,  which  impart  to  it  an  alkaline 
reaction,  that  the  fermentation  is  stopped  and  cannot  be  then  revived 
until  the  aDvali  has  been  neutralised  by  the  addition  of  sulphuric  acid. 

Rum  owes  its  distincti^■e  smell  and  taste  to  a  peculiar  volatile  ether, 
butyric  ether  or  hutyrate  of  ethyl. 

It  diifers  from  other  spirits  in  its  tendency  to  cause  perspiration ; 
for  this  reason  it  is  often  used  by  those  suftering  from  colds  and  coughs. 

TITB  ADXTLTEBATIONS  OF  EUSr. 

The  adidterations  of  rum  consist  chiefly  in  the  addition  of  water, 
whereby  its'strengtli  is  reduced ;  of  Cayenne  or  cocculus  indicus,  to  give 
the  adulterated  article  apparent  strength  ;  and,  lastly,  of  su{iar  and  hunit 
sw/ar,  to  restore  the  sweetness  and  colour  lost  in  consequence  of  dilu- 
tion. 

An  instance  leading  to  fatal  results  of  the  adulteration  of  rmn  with 
cocoulus  indicus  occurred  some  years  since  at  Liverpool.  It  is  recorded 
in  Dr.  Tavlor's  book  on  '  Toxicology.' 

Several  sailors  drank  a  glass  each  of  the  sophisticated  spu'it;  one 
died  the  same  evening,  but  the  others,  although  made  seriously  ill, 
ultimatelv  recovered. 

Lead  'has  been  discovered  in  rimi  in  some  cases  ;  this  is  generally 
to  be  regarded  as  an  accidental  impregnation,  the  lead  being  derived 
from  the  worm  of  the  still.  It  is  in  neio  rum  that  lead  is  chiefly  met 
with.  Dr.  Traill  found  that  the  spirit  received  into  a  tumbler  as  it 
came  from  the  still  always  contained  lead,  but  that  it  disappeared  from 
the  same  spirit  after  having  been  kept  in  an  oaken  cask  for  some  time. 
The  explanation  of  this  cirrious  fact  is,  that  the  spu-it  extracts  tannin 
from  the  cask,  and  the  lead  uniting  with  this  forms  an  insoluble  com- 
pound and  becomes  precipitated. 

There  is  a  kind  of  nun  termed  '  Pineapple  Rum.'_  The  flavour  of 
pineapple  is  communicated  to  the  spirit  by  steeping  in  it  slices  of  the 
pine.  Recently  chemists  have  foimd  out  methods  of  imitating  very 
exactly  the  flavour  of  the  pine,  and  hence  this  artificially  prepared 
flavourino-  is  often  had  recourse  to  in  this  countiy  to  convert  not  only 
ordinary  nun,  but  even  oi-dinary  spirit  into  '  Pineapple  Rum.' 
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_  This  flavouring  may  be  prepared  by  distilling  butter  with  sulphurics 
acid  and  alcohol,  or  by  combining  amylic  or  potato  alcohol  with  butyrie 
acid,  and  then  dissolving  the  butyi-ate  of  amyl  formed  in  alcohol.  This- 
flavouring  is  much  used  in  sweetmeats. 

Results  of  the  Examination  of  Sam])les. 
Oittventy  samples  of  rum  subjected  to  analysis,  the  alcohol  ranged, 
from  47  per  cent,  by  volume  the  highest,  to  27  per  cent,  the  lowest, 
while  Cayenne  was  detected  in  six  of  the  samples  ;  that  is,  some  of  the. 
spn-its  did  not  contain  much  more  than  half  as  much  alcohol  as  others, 
and  consequently  were  of  little  more  than  half  the  value.  The  same 
was  found,  as  will  appear  hereafter,  to  be  the  case  with  the  gins  ex- 
amined some  of  them  contained  only  half  the  quantity  of  spirit  that 
others  did,  and  this  although  the  price  paid  for  them  was  nearly  the 
same  m  all  cases. 


THE  DETECXIOIf  OP  THE  ADTTXTERAXIOXS  OP  RTBI. 

The  methods  to  be  employed  for  the  detection  of  tuater,  siu/ar,  and 
Cayenne  are  the  same  as  those  referred  to  under  the  head  of  '  jSrandy.' 

The  processes  for  the  detection  of  (/rains  of  2)aradise  and  cocculus 
tndicus  will  be  loimd  described  in  the  article  on  '  Beer.'  It  is  easier 
to  discpver  the  presence  of  the  latter  in  rmn  than  in  beer,  owino-  to 
the  smaller  quantity  of  extractive  matter  contained  in  that  spirit 
A  very  exceUeut  method  of  determining  the  presence  of  cocciUus 
indicus  IS  to  evaporate  about  half  a  pint  of  rum  to  dryness,  to  dissolve 
the  exti-act  in  about  tea  oimces  or  so  of  water,  and  to  place  in  it  a 
small  live  fish.  If  the  spirit  contain  picrotoxin  the  fish  will  soon  ex- 
hibit the  usual  symptoms  of  poisoning  bv  that  deadly  substance. 

hoT  the  process  for  the  detection  and  estmiation  of  the  lead  see 
reports  on  '  Water '  and  '  Vinegar.'. 


GIN  AND  ITS  ADULTERATIONS. 

DEFINITION  OF  ADULTERATION. 

Any  acrid  substance,  sulphuric  acid,  combined  or  free,  lead,  zinc,  and  water 

Gin  was  made  originally  in  Holland,  in  the  distilleries  of  Schiedam,, 
and  hence  that  which  is  brought  to  this  counti-y  is  termed  'Hollands 

In  Holland  it  is  made  solely  from  unmalted  rye  and  bariey  malt, 
rectified  with  jumper  berries.    In  Britain,  gin  is  for  the  most  part 
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obtained  from  a  mixtm-e  of  malt  and  barley,  molasses^  and  com  being 
sometimes  employed,  particularly  when  there  is  a  scarcity  of  grain ;  and 
it  is  usually  flavoured  not  only  with  juniper  berries,  but  with  certain 
■other  substances,  most  of  which  are  aromatics,  and  amongst  which  are 
the  following:  coriander,  cardamom,  and  caraway  seeds,  grains  of 
paradise,  angelica  root,  calamus  root,  crushed  almond  cake,  liquorice 
poioder,  and  orange  jjeel.  These  ingredients,  variously  combined,  form 
what  is  known  in  the  trade  as  '  gin  flavouring.' 

Pui-e  gin  should  consist,  as  does  Hollands,  solely  of  rectified  corn 
spirit  flavoured  with  jumper  berries. 


THE  ADtTLTEKATIONS  OP  GIN. 

Gin  is  commonly  diluted  or  adulterated  with  large  quantities  of 

water.  .  ,  i 

But  since  the  addition  of  water  to  gm  renders  the  mixture  whitish 
and  tiu-bid,  by  occasioning  the  precipitation  of  the  oily  and  resinous 
matters  of  tlie  juniper  and  other  substances  employed  to  flavom-  the 
o-iu  previously  held  in  solution  by  the  spirit,  it  becomes  necessary  to 
''fine'  the  gin,  as  it  is  termed,  that  is,  to  restore  the  transparency  of 
the  spirituous  mixture. 

The  substances  more  commonly  employed  for  this  purpose  are  alum, 
carbonate  of  potash,  and  occasionally  acetate  of  lead.  Alinn  dissolved 
in  water  is  first  added  to  the  weakened  spint,  and  then  a  solution  of 
■carbonate  of  potash.  The  whole  is  stirred  together,  and  left  at  rest  for 
twenty-four  hom-s.  The  alumina  of  the  alum,  precipitated  by  the 
carbonate  of  potash,  acts  '  as  a  strainer  upon  the  millrj^  liquor,  and 
•can-ies  down  with  it  the  finely-divided  oily  matter,  which  produces  the 
blue  colour  of  the  diluted  liquor.'— ^«'m?«. 

Roche  alum  is  sometimes  used  for  clarifying  spirituous  liquors 
without  any  other  addition.  ,    ■      p    i      .  .  ^ 

<■  Another  method  consists  in  adding  first  a  solution  ot  subacetate  ot 
lead,  and  then  a  solution  of  almn.  This  practice  is  highly  dangerous, 
because  part  of  the  sulphate  of  lead  produced  remains  dissolved  in  the 
liquor,  which  it  thus  renders  poisonous.  Unfortunately^  this  method 
of  clarifying  spirituous  liquors,  I  have  good  reason  to  believe,  is  more 
frequently  practised  than  the  preceding  method,  because  its  action  is 
more  rapid,  and  it  imparts  to  the  liquor  a  fine  complexion,  or  great 
refractive  power ;  hence  some  vestiges  of  lead  may  often  be  detected  m 

malt  spirit.'— ^ccwm.  .-,    tit   Ar-4.  i  n 

Another  substance  added  to  gin  is  sidphuric  acid.  Mr.  MitcheU 
states  that  a  mixture  composed  of  aliuu,  carbonate  of  potash,  almond 
oil  sulphuric  acid,  and  spirits  of  wine,  is  frequently  added  to  gin. 
'  This  compound,'  he  remarks,  '  not  only  fines  the  gin,  but  cominuni- 
■cates  to  it  the  property  of  "beadin-,"  or  hanging  in  pearly  drops  or  beads 
on  the  sides  of  the  glass  containing  it.  When  ^oe^  this,  it  is 
generally  supposed  to  be  strong  in  proportion  as  it  beads,  and  the  above 
"iiixtuxe  communicates  to  weak  gin  that  property,  so  that  it  wiU  be 
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evident  gin  can  be  cousiclerably  diluted  with  water,  and  yet,  hy  tlie 
iiddition  of  the  above,  appear  of  its  proper  strength.' 

But  opacity  is  not  the  only  evil  produced  by  the  addition  of  water 
to  gin ;  the  strength  and  flavour  of  the  gin  are  so  reduced  that  it  be- 
comes necessary  to  add  other  substances  to  restore  the  qualities  lost 
Tjy  dilution — these  being  sur/cir  to  sweeten  it,  and  cayenne,  in  the  form 
of  tincture  of  capsicum,  or  t/rains  of  paradise,  to  give  it  pungency  and 
iippai-eut  strength. 

The  flavour  and  properties  of  gin  are  fiu-ther  modified  by  the  use  of 
compounds  Icnown  as  ginjlavounngs. 

These  are  composed  of  various  cordial  and  aromatic  substances, 
each  distiller  usually  giving  the  preference  to  a  formula  of  his  own. 

_  In  Dr.  Muspratt's  '  Chemistry '  will  be  foimd  several  receipts  for 
gin  flavom-mgs,  copied  from  the  note-book  of  an  extensive  spirit 
xectifier.    Two  of  these  are  as  follows  :— 

Plain  or  London  Gin  is  made  as  follows  : 
700  gallons  of  the  second  rectification. 
70  lbs.  German  juniper  berries. 
60  lbs.  coriander  seeds. 
3^  lbs.  almond  cake, 
li  lb.  angelica  root. 
6  lbs.  lifjuorice  j)owder. 

_  For  the  manufacture  of  West  Country  Gin,  Imown  also  as  Plymouth 
:  gin  the  annexed  is  the  process  given  in  Dr.  Muspratt's  work :— In- 
troduce into  the  stm  700  gallons  of  the  second  rectification,  and  flavour 
■  -with— 

14  lbs.  Gei-man  juniper  berries. 
1 J  lb.  calamus  root,  cut ;  and 
8  lbs.  sulphuric  acid. 

This  gin  is  much  used  in  Cornwall,  and  particularlv  in  the  western 
.  counties  of  England :  it  is  also  used  in  making  British  Hollands,  and 
iin  that  case  is  mixed  vdth  about  five  per  cent,  of  fine  gin,  reduced  to 
I -twenty-two  under  proof  ^\dth  liquor. 

Amongst  the  ingredients  enumerated  in  the  other  receipts,  and  not 
(contained  m  those  above  given,  are  orange  peel,  calamus  root,  cassia 
I  lauds,  oms  root,  cardamoms,  and  grains  of  paradise 

In  Shannon's  work, '  On  Brewing  and  DistiUing,'  we  meet  with  the 
tlollowmg  instructions  for  reducing  unsweetened  gin,  and  for  preparing 
i&nd  sweetening  Bntish  gin : —  i-  r  s 

To  Reduce  Unsweetened  Gin. 
A  tun  of  fine  gia  .      .      .      .      .  . 

Which,  added  together,  make      .      .      .  288 
The  Doctor  is  now  jmt  on,  and  it  is  further  " 
reduced  witli  water  19 

Which  gives    ....     "307  gallons  of  gin. 
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'  This  done,  let  one  pound  of  alvun  he  just  covered  with  water,  and 
dissolved  by  boiling  ;  rummage  the  whole  well  together,  and  pom-  in 
the  alum,  and  the  whole  will  be  fine  in  a  few  hours. 


'  To  Frejjnre  and  Sweeten  JBnttsh  Gin, 
*  Get  from  your  distiller  an  empty  puncheon  or  cask,  which  will  con- 
tain about  133  crallons.  Then  take  a  cask  of  clear  rectified  spirits— 120 
gallons— of  the  "usual  strength  at  which  rectifiers  sell  their  goods ;  put 
the  120  gallons  of  spirits  into  your  empty  cask.  _ 

'  Then  take  a  quarter  of  an  ounce  of  oil  of  vitriol,  ha,lf  an  ounce  of 
oil  of  almonds,  a  quarter  of  an  ounce  of  oil  of  turpentine,  one  ounc& 
of  oil  of  juniper  berries,  half  a  pint  of  spirit  of  wine,  and  half  a  pound 
of  lump  sugar.  Beat  or  rub  the  above  in  a  mortar.  When  well  rubbed 
together,  have  ready  prepared  half  a  gallon  of  lime  water,  one  gaUon  of 
rose  water :  mix  the  whole  in  either  a  pail  or  cask,  with  a  stick,  till 
every  particle  shall  be  dissolved;  then  add  to  the  foregoing  twenty-five 
poimds  of  sugar  dissolved  in  about  nine  gallons  of  rain  or  Thames  water, 
or  water  that  has  been  boiled :  mix  the  whole  well  together,  and  stu- 
them  carefully  with  a  stick  in  the  138-gallon  cask. 

'  To  force  down  the  same,  take  and  boil  eight  ounces  of  alum  in 
thi-ee  quarts  of  water  for  three-quarters  of  an  hour ;  take  it  from  the 
fii-e,  and  dissolve  by  degrees  six  or  seven  ounces  of  salt  of  tartar. 
When  the  same  is  milkwarm,  pour  it  into  your  gin,  and  stir  it  w-ell 
together  as  before,  for  five  minutes,  the  same  as  you  would  a  butt  of 
beer  newly  fined.  Let  your  cask  stand  as  you  mean  to  draw  it.  At 
every  time  you  propose  to  sweeten  again,  that  cask  must  be  well 
washed  out,  and  take  great  care  never  to  shake  your  cask  while  it  is 


drawing 


But  it  appears  there  are  other  little  practices,  besides  those  con- 
nected wdth  adulteration,  which  are  sometimes  had  recourse  to  by 
retailers  of  spirits.  Mr.  Shannon,  from  whose  work  '  On  Brewmg 
and  Distilling '  we  have  just  quoted,  gives  the  following  advice  and 
recommendations  as  to  certain  manipulations  and  particidai-s  which 
should  be  observed  in  retailing  spirits  over  the  counter. 

'  When  you  are  to  draw  a  sample  of  goods  to  show  a  person  that 
has  iudo-ment  in  the  proof,  do  not  draw  your  goods  into  a  phial  to  be 
tasted,  or  make  experiment  of  the  strength  thereof  that  way,  because 
the  proof  will  not  hold  except  the  goods  be  exceedingly  strong  ;  but 
draw  the  pattern  of  goods  either  into  the  glass  from  the  cock,  to  run 
very  small,  or  rather  cbaw  ofi"  a  small  quantity  into  a  httle  pewter 
pot,  and  pour  it  into  your  glass,  extending  your  pot  as  high  above  the 
"•la«s  as  vou  can  without  wasting  it,  which  makes  the  goods  carry  a 
better  head  abundantly  than  if  the  same  goods  were  to  be  put  and 

tried  in  a  phial.  c  ^^ 

'You  must  be  so  prudent  as  to  make  a  distinction  of  the  peisous 
you  have  to  deal  with ;  what  goods  you  sell  to  gentlemen  for  then: 
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own  use  wlio  require  a  great  deal  of  attendance,  and  as  much  for  time 
of  payment,  jou.  must  take  a  considerably  greater  price  than  of  others  • 
what  goods  you  sell  to  persons  where  you  believe  there  is  a  manifest' 
or  at  least  some,  hazard  of  your  money,  you  may  safely  sell  foi'  more 
than  common  profit;  what  goods  you  sell  to  the  poor,  especially 
medicinally  (as  many  of  your  goods  are  sanative),  be  as  compassionate 
as  the  cases  require.' 


Mcsults  of  the  Analysis  of  Samples. 

The  following  are  the  results  of  the  analysis  of  Thirty-eight  samples 
■of  gin : — 

That  the  strength  of  the  various  samples  ranged  from  16,645  grs. 
to  34,160  grs.  per  imperial  gallon  :  the  percentages  rauginfr  from  22-36 
to  48-80  per  cent,  by  volmue. 

It  thus  appears,  that  some  of  the  spirits  contained  less  than  half  as 
much  alcohol  as  some  of  the  other  sfimples,  and  tlierefore  that  their 
comuiercial  value  was  reduced  to  the  enormous  extent  of  more  than 
one-half ;  thus,  supposing  the  stronger  sample  to  be  worth  12s.  per 
o:allon,  the  weaker  would  be  worth  less  than  6s.  per  gallon.  This 
va,nation  in  the  strength  is  doubtless  principally  attributable  to  dilution 
■with  water. 

That  the  quantity  of  sugar  ranged  from  2-43  per  cent,  to  9-28  per 
cent;* 

That  ttvo  of  the  samples  contained  oil  of  cinnamon,  or  more  probably 
of  cassia. 

_  That  seven  of  the  samples  contained  OArENirai  pepper,  some  of  them 
m  very  large  quantity,  so  that  the  syrupy  extract  left  on  evaporation 
possessed  ^  burning  and  fiery  taste. 

That  in  no  case  was  free  sulphuric  acid  detected  ;  its  absence  being 
.  sufhciently  shown  by  all  tlie  samples  being  neutral  to  test  paper. 

lhat  most  of  the  samples  contained  sidphates,  chiefly  derived  from 
Ihe  water  and  alum  used  in  the  adulteration  and  clarification  of  the 
o;ins. 

•  ""f-  tlie  above  adidterations,  we  have  the  authority  of  a 

^in  distiller  for  stating  that  the  practice  of  adding  sulphate  of  zinc, 
or  as  It  IS  commonly  called,  ,chite  vitriol  or  ^vhite  copperas,  to  gin 
IS  very  common.    Here  again,  then,  we  have  obtained  e^ddence  of  the 

•  adulteration  of  gin  m  a  manner  calculated  to  prove  inim-ious  to  health. 

_  It  IS  impossible  to  conceive  of  more  scandalous  adidterations  of 
,=gin  or  other  spirits  than  fliose  by  Cayenne  pepper  or  r/rains  of  para- 
.  dtse,  for  they  are  almost  equally  hot  and  pungent.  The  introduction 
:  into  the  stomach  of  raw  spirits  is  sufficiently  destructive  to  health  of 

•  Itself,  but  the  addition  to  the  spirit  of  such  powerful  and  acrid  sub- 
i  stances  as  Cayenne  and  grains  of  paradise  forms  a  compound  which  no 
iJiuman  stomach  or  system,  however  strong,  can  long  withstand. 

Although  suljjhunc  aad  was  not  present  in  any  of  the  samples  of 
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London  gin  wliich  we  examined,  it  is  yet,  no  douljt,  sometimes  em- 
ployed, and  this  in  lar^e  quantity.  Dr.  Muspratt  states  that  it  is  so  in 
West  Country  gin.  If  any  sample  of  gin  exhibit  an  acid  reaction, 
the  presence  of  sulphuric  acid  may  be  suspected,  and  it  may  be  dis- 
covered simply  by  the  evaporation  at  a  gentle  heat  of  a  little  of  the 
gin,  placed  on  the  hob  of  a  fireplace.  As  soon  as  all  the  spirit  and 
water  have  been  driven  off,  the  sulphuric  acid  will  act  on  the  sugar, 
and  quickly  reduce  it  to  a  black  carbonaceous  mass. 

The  adulteration  of  gin  with  Cayenne  pepper  is  mostly  effected  by 
means  of  tinctm-e  of  capsicum,  and  it  is  practised  in  the  majority  of 
cases  by  publicans.  We  were  acquainted  with  the  name  of  a  publican 
who  used  to  make  periodical  purchases  of  tinctm-e  of  capsicum ;  we 
Imow  the  name  of  the  chemist  of  whom  he  purchased  it,  and  we 
detected  it  in  more  than  one  sample  of  the  gin  sold  by  him. 

We  have  often  in  the  course  of  this  work  commented  on  what  we 
conceived  to  be  the  remissness  of  the  Excise  authorities,  Here  is  a 
gross  adulteration  of  gin,  commonly  practised,  and  detectable  in  a 
ready  and  simple  manner,  by  which  the  revenue  is  defrauded,  and 
which  is  seriously  detrimental  to  health  ;  and  yet  we  do  not  remember 
to  have  ever  heard  that  the  Excise  had  noticed  it  in  any  way,  or 
taken  any  steps  to  put  a  stop  to  so  iniquitous  an  adulteration. 

DETECTION  OF  THE  ADtTLTERATIONS  OF  GUT. 

The  principal  adulterations,  as  already  noticed ,  to  which  gin  is 
liable  are  with  %o(iter  ;  Cayenne,  and  rjrains  of  jxtradise  to  render  it 
fiery  and  pungent;  with  various  flavouring  substances, including  almond 
cake ;  sulpJmric  acid  to  give  it  sharpness  on  the  palate  ;  and  cei-tam 
mineral  constituents  employed  for  the  pm-pose  of  clarification,  as  sul- 
phate of  alumina  and  j)otash  or  alum,  carhonate  of  potash,  acetate  of  lead, 
and  sulphate  of  zinc.  . 

Estimation,  of  water .—^mce  the  gin  met  with  m  commerce  is  ot 
two  Irinds,  sweetened  and  unsweetened,  in  the  one  case  it  will  be  neces- 
sary only  to  take  the  specific  gravity  of  the  spirit  and  to  determine 
from  it  the  amount  of  absolute  alcohol  by  weight  per  cent.;  the  re- 
mainder of  the  hundred  parts  will  consist  of  water.    But  in  the  case 
of  the  sweetened  gin  it  will  be  requisite  to  subject  it  to  distillation,  to 
estimate  the  alcohol  in  the  distillate,  and  to  weigh  the  solid  luatter  i 
left  after  complete  evaporation  on  the  water-bath.    By  the  first  pro-j 
ceedino-we  ascertain  the  number  of  alcohol  percentages  by  weight  aa| 
the  gin,  by  the  second  the  amount  of  solids,  the  water  making  up  th&J 

difference.  ,     ,      •  •  ^  .  • 

Estimation  of  alcohol— For  the  methods  whereby  this  is  determinert, 
the  reader  is  referred  to  the  articles  on  '  Wine,'  '  Beer,'  and  'Branuy, 
but  it  will  be  sufficient  in  the  case  of  gin  to  refer  to  the  last-named 
only. 


SPIEITUOUS  LIQUORS  AND  THEIR  ADULTERATIONS.  81a- 

peiection  of  Cayenne  pepper  and  grains  of  2>aradtse.~See  the- 
articles  on  '  Beer '  and  '  Brandy,' 

Estimation  of  miffar.—Tltie  solid  residue  left  on  the  evaporation  of 
a  given  quantity  of  gin,  will  represent  within  a  fraction  the  amount 
ot  cane  sugar  which  has  been  added  to  the  spu-it. 

Detection  of  certain  Carminatives  and  Flavouring  Substances. 
_    For  the  detection  of  these  two  methods  may  be  pursued.    The  one- 
IS  to  subject  a  portion  of  the  spuit  to  distillation  and  to  notice  particu- 
lai-ly  and  carefully  the  odoiu-  of  the  distillate.  ^ 

Another  method  is  to  evaporate  a  second  portion  of  the  spirit  on 
the  water-bath  at  a  very  gentle  heat,  and  to  carefullv  taste  the  Residue 
lett,  as  soon  as  it  acquires  the  consistency  of  a  thin  syrup.    One  of ' 
the  substances  which  will  readily  be  detected  in  this  maSie?  is  S^r.. 

Detection  of  Cherry  Laurel  Water  or  Sjnrit  of  Almond  Cahe. 

tlie  spirit  nearly  to  diyness,  add  to  the  distilled  liquid  a  little- 
caustic  potash,  evaporate  down  to  a  small  bidk;  add  a  few  drops  of  a 
sdution  containing  ferrous  siUphate  and  ferric  chloride,  render  XaHne 
with  a  solution  of  potash  ;  now  add  a  little  hydrochloric  acid,  and°r 
the  liquid  acquii;es  a  b  ue  t  nge,  the  spirit  under  examination  has  been 
flavoured  with  cheii-y  laurel  water  or  spirit  of  almond  cake 

The  reactions  are  as  follow :— The  o/-  prussicacidof 

the  W]  water  and  almond  cake,  when  the  spirit  is  dfstE  passes 
over,  and  on  the  addition  of  the  potash  is  concerted  intTc^inide  of 
potassumi;  the  addition  of  the  salts  of  iron  and  hydirchloric  add 
occasions  the  formation  of  prussian  blue,  which  is  a^errocyrnide  of 

A  more  delicate  method  is  the  following,  fii-st  described  by  Liebi.r._ 

«r?^-t  '^'f  ^''t     ^'^^'^^^  ^^^^'^  added,  the  bull  ofihe- 

Klu  '"'"^      evaporation  ;  hydrochloric  acid  must  nexi  be  added 
in  si  ght  excess,  and  then  a  drop  of  siUphide  of  ammonium  LdtS 
.  whole  heated  imtil  colomless.    A  little  ^erchloride  of  iron  must  now 

Diooa  1  eel  coloui .    bulphocyamde  ol  ammonium  is  formed  bv  the  action 

■  llnS^  f  f  ^^"^r^^"'  hydrocyanic  acid,  and  thi  J  like  other ' 
^sduble  sulphocyamdes,  strikes  a  blood-red  colo^ir  with  a' j)ersalt  of ' 

A  Uttle  of  the  volatile  almond  oil  or  hydride  of  benzoin  will  of 
UhTspirr        "        "       %drocyanicLid'Vthe  dMation  of 

ltho<,yiffn  of      'Mineral  adulterations  of  gin,  inchidino- 

Uhose  with  free  sulphuric  acid  and  siUphates,  alum,  salts  of  lead  and 
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Estimation  of  combined  and  free  sulphuric  acid. — For  tlie  deter- 
mination of  these  refer  to  the  articles  on  '  Water  '  and  '  Vinegar.' 

The  addition  of  chloride  of  harium  to  giu  which  has  not  heen 
adulterated  with  water,  should  not  occasion  any  precipitation  of  sul- 
phate of  harium  if  the  water  contained  in  the  spirit  is  all  obtained  by 
distillation.  When  therefore,  on  the  addition  of  the  above  reagent,  a 
precipitate  be  thrown  down,  this  is  due  either  to  the  presence  of  free 
or  combined  sulphuric  acid ;  if  the  latter,  and  tliere  be  no  sulphate  of 
aiac  present,  the  sulphates  are  derived  either  from  the  water  iised  for 
the  dilution  of  the  spirit  or  from  the  alum  employed  for  clarifying  and 
beadino-  it,  so  that  the  presence  of  sulphates  affords  in  most  cases  a 
certain" indication  of  the  adidteration  of  gin  with  water.  Although  it 
must  be  remembered  that  possibly  the  sulphmic  acid  of  the  sulphate  of 
barium  thrown  down  might  be  derived  from  the  acid  of  the  alum.  _ 

Of  ten  samples  of  gin  to  which  the  solution  of  chloride  of  barium 
was  added,  four  turned  slightly  opalescent,  but  scarcely  any  deposition 
of  sulphate  occurred ;  while  in  six  of  the  samples  there  was  a  decided, 
and  in  three  a  considerable,  precipitation.  These  gins  were  likewise 
evaporated,  the  residues  dissolved  in  a  little  distilled  water,  and  the 
solution  divided  into  two  parts  ;  to  one  the  acid  solution  of  chloride  of 
barium  was  added  as  before,  when  sulphate  of  barium  was  thrown 
down  in  every  case,  and  in  most  in  great  abundance.  The  other 
half  of  the  solution  was  tested  for  zinc.  In  no  instance  was  any  pre- 
cipitate observed,  from  which  the  absence  of  zinc  is  to  be  inferred. 
These  observations  as  to  the  presence  of  sulphates  in  gin  are  important, 
because  they  aftbrd  in  manv  cases  the  means  of  judging  of  the  adul- 
teration of  gin  by  the  addition  of  water.  Heretofore  the  presence  of 
added  water  has  been  inferred  rather  than  proved,  from  the  deficienc-y 
•of  alcohol  in  the  spirit  supposed  to  contain  the  water.  But,  again,  it 
must  be  remembered  that  waters  are  met  with  which  are  almost 
entirely  free  from  combined  sulphuric  acid. 

There  is  only  one  other  som-ce  of  fallacy  with  which  it  is  necessary 
that  we  should  be  acquainted.  Supposing  sulphuric  acid  to  have  been 
•added  to  the  gin,  a  precipitation  would  equally  occur,  although  no 
•water  had  been  added,  on  the  addition  of  chloride  of  barium.  This 
fallacy  may  be  guarded  against  by  ascertaining  in  the  first  place  whether 
the  o-in  exhibits  an  acid  reaction  or  not  to  test  paper,  and  if  it  does,  we 
must  then  proceed  as  directed  for  the  determination  of  free  and  com- 
Tjined  sulphm-ic  acid.  o   ^      •  e 

The  detection  of  alum  in  f/in. — Add  to  50  cc.  of  the  gm  a  teW 
cc  of  a  solution  of  chloride  of  ammonium,  and  render  the  mixture 
tlistinctlv  alkaline  with  ammonia.  If  a  white  precipitate  be  thrown 
down  which,  after  being  washed  with  distilled  water,  is  soluble  _m. 
caustic  potash,  aliun  is  proved  to  be  present.  The  precipitate  may  be- 
/joUected,  diied,  burnt  and  weighed,  and  calculated  for  alum. 

But  since  almn  is  often  used  in  coniunction  with  carbonate  of  potash, 
the  alumina  will  not  be  usuallv  found  in  the  spirit,  since,  for  the  most 
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part,  it  will  be  precipitated  by  the  alkali  used,  and  wliich  itself  will  be 
converted  into  sulphate  of  potash. 

Detection  of  lead.— The  full  details  of  the  methods  for  the  detection 
of  lead  have  abeady  been  given  in  the  article  on  '  Vinegar.' 

Ten  difterent  samples  of  gin  were  examined  for  lead,  but  only  in 
one  case  did  sulphuretted  hydrogen  produce  a  decided  brownish  colora- 
tion ;  in  some  of  the  others  slighter  colorations  were  observed,  but  in 
none  of  the  gins  was  lead  discovered  in  the  ashes  treated  with  nitric 
acid  and  water.  If  lead  was  therefore  present  in  any  of  the  samples 
it  was  so  only  in  traces. 

The  absence  of  lead  may  be  explained  in  some  cases  even  where  it 
has  really  been  used  in  the  foUowing  manner.  Tlie  lead  of  the  acetate 
would  combme  with  the  sulphates  of  the  water,  and  the  insoluble 
sulphate  of  lead  would  be  precipitated  ;  it  is,  therefore,  only  when  the 
quantity  of  lead  added  is  in  excess  of  the  sulphates,  that  it  would  be 
tound  m  gin,  and  when  sulphates  are  present  in  gin  we  may  conclude 
tJiat  It  does  not  contain  more  than  traces  of  lead. 

Detection  of  sulphate  of  zinc  in  (/m.— Evaporate  100  cc.  of  the  ffin 
to  at  least  one  half,  so  as  to  get  rid  of  the  alcohol ;  restore  to  the  ori-inal 
volume  by  the  addition  of  water,  and  divide  into  two  portions,  testi'no- 
the  one  for  _sulphm-ic  acid  and  the  other  for  zinc,  after  neutralisation 
with  ammonia,  by  the  addition  of  sulphide  of  ammonium. 

We  AviU  now  enquire  as  to  the  capabilities  of  the  Excise  to  detect 
adulterations  m  spirits;  and  first  the  reader  maybe  reminded  that 
acliUteration  has  been  found  to  be  rife  in  brandy,  rum,  and  o-in  As  in 
so  many  other  cases,  we  need  only  refer  to  the  evidence  of  Mr.  Georc^e 
Phillips  to  be  made  acquainted  with  the  state  of  the  case  as  respected 
tiie  Jaiowledge  of  the  Excise  some  vears  since. 

Mr.  Villiers.  _ '  We  have  had  evidence  here  to  the  effect  that  a  mix- 
ture or  adulteration  is  invariable  in  aU  public-houses :  what  is  the  course 
adopted  with  a  view  to  detecting  those  practices  ? '— '  The  fact  is  we 
have  abandoned  what  is  termed  stock-taking  of  the  retailers.  The  ti-ade 
IS  thrown  open,  and  they  are  left  to  do  pretty  much  as  they  like  4t 
inVw?  .moment,  so  far  as  stock-taking  is  concerned,  we  have  power 
•  1.1     their  stock  If  we  think  proper;  the  goods  are  sent  in  with  a 
.  permit,  and  the  trader  enters  them  in  a  book,  and  when  the  officer 
j  goes  he  takes  up  this  document  representing  the  receipt  of  a  certain 
<  spirit  and  if  we  think  proper  we  can  take  the  stock  ' 

'Is  not  the  revenue  defrauded  in  this  way  ? I  think  not.  If  the 

S^'l.r'^  "l^  under  proof,  the  retailer 

coiUdhave  It  senttohim.  The  law  prohibits  him  from  putting  anything 
I  to  It  /nmself  He  is  not  allowed  to  add  sugar  or  watJ  to  his  gin  :  it  is 
tan  act  of  compounding  which  we  do  not  recognise  ' 

.  !  duty  is  not  paid  on  gin  and  water"p  No  ;  it  is  paid  on  the 
.spirit.  Suppose,  for  instance,  the  publican  buys  his  gin  at  17  under 
;  proof.  That  may  be  too  strong  for  ordinary  taste,  and  therefore  the 
ipubhcan,  when  he  gets  it  at  that  strength,  reduces  it  probably.  I 

3  o 


818     SPIRITUOUS  LIQUORS  AND  THEIR  ADULTERATIONS. 


cannot  say  that  he  does  so  from  actual  knowledge,  but  we  may  suppose 

that  lie  does.'  t..  • 

It  is  notorious  tliat  the  publican  almost  constantly  reduces  his  gin 
with  water,  adds  sugar,  and  often  Cayenne  and  other  ingredients.  As 
has  been  stated  by  Mr.  PhiUips,  the  law  prohibits  this  act  of  com- 
pounding, and  has  charged  the  Excise  with  the  duty  of  ascertaining 
whether  the  prohibition  is  observed  or  not ;  but  the  Excise  leaves  the 
publicans  '  to  do  pretty  much  as  they  like,'  and  consequently  they  are 
unable  to  speak  to  facts  in  regard  to  the  adulteration  of  gin  which 
are  notorious  to  the  public  at  large.  But  let  us  observe  what  further 
information  Mr.  PhUlips  affords  the  Committee  respecting  the  adul- 
teration of  spirits.  ,  ,  ^  ^  •  ■  A  -^v. 
Chairman.  '  Have  you  heard  of  Cayenne  pepper  being  mixed  with 

qin  ?  '  '  I  have  heard  so  ;  it  could  be  detected,  of  com-se.' 

Mr.  Villiers.  '  Have  you  never  had  any  experience  of  the  adidtera- 
tion  of  "spirits  during  the  twelve  years  you  have  spoken  of?'—'/  do  not 

recollect  a  case.'  ,  „ ,    ,  -rn  •         i     •  ^i. 

'  Is  brandy  ever  adulterated  ?  '— '  If  you  Tiew  colouring  matter  as 
adulteration,  it  is  always  adulterated.' 

'  Do  you  Imow  if  it  is  ever  reduced  with  water  and  then  made 
stronger  by  the  introduction  of  other  ingredients  ?  '— '  I  cannot  speak 
to  the  use  "of  other  ingredients.  I  have  no  knowledge  of  what  a  par- 
ticular ti-ader  may  do.'  .         j.  r, 

'  The  evidence  which  has  been  given  before  the  Committee,  there- 
fore, has  not  reached  the  Excise  yet  ? '— '  I  have  not  seen  it.' 

These  replies  certainly  evince  an  amount  of  ignorance  ot  the  adul- 
terations occurring  in  the  articles  enumerated,  which,  considering  the 
position  and  duties  of  the  Excise,  is  reaUy  astounding. 


Preparation  of  Potato  Spirit. 

Alcohol  is  prepared  from  potatoes  on  a  large  scale  by  two  methods. 
The  notatoes  are  boUed,  mashed  between  cylinders  and  the  thick  pulp 
thus  obtained  mixed  with  crushed  malt  and  water,  and  the  mixture 
subiected  to  fermentation  in  the  usual  manner,  or  the  potatoes  are 
boiled  with  water  containing  some  sulphuric  acid,  for  some  hours  until 
all  the  starch  is  converted  into  dextrin  and  invert  sugar,  this  solution 
bein^  then  fermented.  The  fermentation  and  distillation  of  the  spirit 
offer  no  particular  interest,  these  processes  being  _  conducted  m  the 
flame  way  as  in  the  case  of  spirit  from  malt  and  gram. 

A  considerable  quantity  of  fusel  oil  is  formed,  which  is  removed, 
bv  one  or  the  other  of  the  methods  described  elsewhere,  and  the  spmt 
so  obtained  resembles  closely  the  alcohohc  Uquid  denoimnated  'Hoi-* 
lands.' 
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CHAPTER  XLVII. 

ON  THE   UTENSILS  EMPLOYED  IN  THE  PREPARATION 
AND  STORAGE  OF  FOOD. 

Majt?  articles  of  food  are  very  apt  to  become  more  or  less  contaminated 
"with  various  metallic  substances  through  the  vessels  employed,  either  to 
cook,  store,  or  convey  them  from  one  vessel  to  another.  Many  instances 
have  abeady  been  given  of  contamination  arising  through  contact  with 
vessels  either  consisting  entii-ely  of  metal,  or  into  the  composition 
of  which  metallic  substances  enter ;  but  on  the  present  occasion  -we 
propose  to  deal  with  this  subject  more  comprehensively  and  by  itself. 
It  is  veiy  important  that  the  analyst  should  have  as  thorough  a 
knowledge  of  the  contaminations  to  which  articles  of  food  are  liable 
as  of  the  adulterations  to  which  they  are  subject,  lest  he  confoimd 
the  one  with  the  other,  and  charge  a  manufacturer  with  adulteration 
when  the  case  is  one  of  careless  and  accidental  impregnation  only. 
Now  the  action  of  articles  of  food  upon  metals  is  dependent  upon 
several  circumstances,  and  especially  upon  the  composition  of  the  food 
itself.    For  food  to  become  contaminated  with  a  metal  derived  from 
the  vessel  in  which  it  is  cooked,  it  is  not  sufficient '  that  the  metal 
and  the  food  be  brought  into  contact,  but  such  agencies  must  be  in 
operation  as  cause  a  solution  of  a  portion  of  the  metal.  The  first  of 
these  is  oxygen,  which,  since  it  is  a  constituent  of  the  atmosphere,  and 
is  always  contained  in  water,  is  everywhere  present.    By  this  agent 
oxides  of  the  metals  are  formed.  The  second  consists  in  the  free  acids 
of  the  food ;  _  these  do  not  act  usually  upon  the  metals  themselves,  but 
upon  the  oxides  ab-eady  referred  to,  forming  vdth  them  various  salts 
of  greater  or  less  solubility.  A  third  agency  is  found  in  the  substances 
added  by  the  cook  to  various  articles  of  food,  including  acetic  acid  or 
vinegar,  chloride  of  sodium  or  salt,  and  alhalies  as  soda.    The  action  of 
acetic  acid  has  abeady  been  explained,  that  of  the  chloride  of  sodium 
would  appear  to  be  due  to  the  liberation  of  a  portion  of  its  chlorine, 
while  the  action  of  the  alkalies  is  thus  accounted  for.    Oxide  of  lead 
in  some  cases  plays  the  part  of  an  acid,  forming  with  bases  plumbates  ; 
thus  if  soda  be  used  a  plumbate  of  soda  is  formed. 

It  would  appear,  therefore,  that  meats  which  have  been  salted  are 
more  liable  than  other  meats  to  act  upon  any  soluble  metal  which 
might  be  in  the  utensil  in  which  it  is  cooked — as,  for  example,  solder. 
Other  substances  which  are  capable  of  exerting  a  solvent  action 
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upon  mauy  metals  are/«^s  and  sulphur.  The  action  of  fats  upon 
metals  is  tlius  explained.  The  oxides  of  some  metals,  as  of  copper  and 
lead,  readily  decompose  a  portion  of  the  fat,  glycerme  bemg  set  free,  and 
comMnations  of  the  fatty  acids  with  the  metals  ensumg 

Sulphur  exists  in  meat  and  in  many  kinds  of  vegetables,  as  onions, 
partly  in  the  form  of  sulphides.  These  readily  become  decomposed, 
uniting  with  any  metal  with  which  they  come  into  contact.  _  _ 

In  preserving  many  substances,  as  in  making  various  descriptions  ot 
iams  as  is  commonly  done,  in  copper  vessels  the  fruits  are  exceedmg-ly 
apt  to  become  contaminated ;  this  contamination  is  due  m  part  to  the 
oxidation  of  the  metal  and  the  subsequent  formation  of  the  soluble 
tartrate,  acetate,  or  malate  of  copper,  as  the  case  may  he  ;  but  it  is 
also  in  part  due  to  the  peculiar  action  of  the  su(/nr,  this  forming  vnth 
several  metaUic  oxides  so-called  snccharides.  The  oxygen  of  the 
oxides  takes  away  part  of  the  hydrogen  of  the  sugar  to  form  water, 
the  metal  taking  the  place  of  the  hydrogen. 

Since  it  is  necessary  that  the  copper  and  other  metals  should  become 
oxidised  before  the  formation  of  any  soluble  salt  can  take  place,  we 
have  in  this  circmnstauce  the  strongest  possible  reason  why  the  iriut 
or  other  substance  prepared  in  copi^er  or  other  metaUic  vessels  should 
not  be  allowed  to  remain  in  contact  with  them  a  moment  longer  than 
is  ahsolutely  necessary,  and  why  these  vessels  shoidd  be  always  kept 
as  bri<^ht  and  clean  as  possible.  Should  the  vegetable  substances  be 
allowed  to  remain  in  a  copper  pan  for  any  length  of  time,  the  peatest 
action  will  he  found  to  take  place  at  the  margin,  where  the  air,  fruit, 
and  copper  all  come  into  contact.  Here  will  be  the  greatest  fonnation 
of  oxide,  and  consequently  of  soluble  salts  of  that  metal  which,  if  the 
fruit  be  aUowed  to  remain  in  the  vessel  for  a  sufficiently  long  time,  will 
reveal  themselves  bv  their  green  colour,  forming  what_  is  popidarly 
known  as  verdiijris,  but  which,  in  the  present  case,  consists  chieliy  ot 
tartrate  and  malate  of  copper.  j  j 

For  cooldmi,  saucepans  are  made  of  iron,  copper,  brass,  and  tin,  and 
hence  when  ai-ticlesof  foodare  cooked  in  these  utensils,  they  ai-e  very  apt 
to  become  contaminated  with  the  metals  of  which  they  are  composed, 
esnecially  when  they  are  not  coated  in  the  inside  with  tin.  ISow  tm, 
when  pm-e,  is  one  of  the  least  objectionable  of  the  metals  used  in  the 
manufacture  of  cooking  utensils,  and  this  for  two  reasons :  first,  it 
combines  with  oxygen  or  oxidises  with  greater  difficulty  than  most 
of  the  other  metals ;  and,  second,  the  salts  formed  wath  it  are  of  a  much 
less  injurious  character  than  are  those  of  copper,  lead,  zmc,  and 

^''^^But  much  of  the  tin  employed,  especially  that  used  for  coating 
vp<*seb  is  not  pure,  but  contains  contaminations  of  other  metals,  as 
Irsenic'  antimJnv,  lead  and  copper.  Now  these  metals  are  all 
SS'oJidised  aid  dissolved  by  the  various  ac  ds  either  directly  I 
Idded  to  the  food  in  the  saucepan,  or  contained  m  the  mgredienl^ 
enterin-  into  its  composition,  as  the  lactic  acid  in  meat  and  milk,  and 
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the  various  acids  of  fruit.  Hence,  while  the  tin  lining  of  vessels,  so 
long  as  the  coating  is  complete,  precludes  the  action  of  the  articles  con- 
tained in  it  upon  the  more  soluble  and  injurious  metals,  it  is  yet 
attended  "with  certain  dangers  of  its  own,  but  which  no  doubt  are  far 
less  considerable  than  those  arising  from  the  use  of  uncoated  metallic 
vessels.  On  the  whole,  therefore,  it  may  be  said  that  tin  vessels,  or 
those  lined  Tvith  tin,  are  the  best  of  all  metal  vessels  employed  for 
cooking  purposes. 

So  common  is  the  practice  of  making  vessels  of  copper  that,  when 
of  large  size,  they  are  commonly  distinguished  by  the  name  of  '  coppers.' 
The  water  used  to  cleanse  our  clothes  is  boiled  in  such  vessels,  and  the 
wort  of  brewers  is  always  boiled  in  utensils  composed  of  copper.  It  is 
from  this  source  that  beer  obtains  its  not  unfrequent  contamination 
with  copper.  JNIr.  Mitchell  has  stated  that  he  foimd  copper  in  a  great 
variety  of  samples  of  beer  which  he  examined. 

Another  way  in  which  articles  of  consumption  frequently  become 
contaminated  with  copper  is  by  boiling  vinegar  in  copper  vessels. 
This  is  done  for  the  express  purpose  of  causing  the  vinegar  to  dis- 
solve a  portion  of  the  copper,  so  that  the  metal,  when  the  vinegar  is 
brought  into  contact  with  the  pickles  to  be  preserved,  should  impart  to 
them  an  unnaturally  green  colom".  • 

The  green  colour  of  greengage  and  goosebeiTy  jam  is  usually  due  to 
the  copper  removed  fi-om  the  vessels  in  which  these  jams  are  prepared, 
through  the  agency  of  the  acids  contained  in  the  fruits ;  but  sometimes 
the  copper  is  directly  added  in  the  form  of  the  sulphate  of  the  metal, 
commonly  known  as  hlue  stone. 

Again,  it  is  known  to  every  housekeeper  that  a  very  common 
practice  whereby  vegetables,  as  peas  and  French  beans,  are  greened, 
is  to  put  into  the  saucepan  a  penny  piece ;  and  in  this  case  the  copper 
is  abstracted  from  the  coin  partly  through  the  agency  of  the  acids 
of  the  vegetable,  but  also  in  some  instances  through  certain  of  the 
saline  substances  present  in  the  water. 

To  sum  up.  M.  Thieny,  who  wrote  a  thesis  on  the  noxious 
qualities  of  copper,  observes  that  '  our  food  receives  its  quantity  of 
poison  in  the  kitchen  by  the  use  of  copper  pans  and  dishes.  The  brewer 
mingles  poison  in  our  beer  by  boiling  it  in  copper  vessels.  The  sugar 
baker  employs  copper  pans,  the  pastrycook  bakes  our  tarts  in 
copper  moiilds,  the  confectioner  uses  copper  vessels,  the  oilman  boils 
his  pickles  in  copper  or  brass  vessels,  and  verdigi-is  is  plentifully 
formed  by  the  action  of  the  vinegar  upon  the  metal.' 

An  alloy  gi-eatly  used  in  the  manufacture  of  cooking  utensils, 
and  m  that  of  vessels  intended  for  storage,  as  also  in  the  making 
of  pipes  and  taps,  is  bram,  which  is  compounded  of  two  pai-ts  of 
copper  to  one  of  zinc.  Thus  we  have  brass  saucepans  and  teak-ettles, 
brazen  ewers  and  tubs,  and  brass  pipes  and  taps  innumerable.  The  two 
metals  entering  into  the  composition  of  this  alloy  are  both  very  soluble, 
their  combinations  and  solutions  being  of  a  highly  poisonous  character. 
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In  place  of  being  lined  with  tin,  many  vessels,  l3otli  metallic  and 
earthenware,  are  pro-dded  with  a  protective  lining  or  glaze.  Thas  sauce- 
pans, kettles,  frying-pans,  and  gridirons  are  all  commonly  furnished 
with  such  a  coating,  as  also  earthenware  baking  and  pie-dishes,  pans 
and  jars  of  various  kinds. 

The  glazing  employed  is  of  two  kinds.  The  one  consists  chiefly  of 
a  silicate  of  alumina  and  potash  with  a  proportion  of  sulphate  or  phos- 
phate of  lime,  hut  other  substances  are  also  sometimes  made  use  of. 
it  is  with  this  kind  that  metallic  vessels  are  usually  lined.  Into  the 
composition  of  the  other  lead  enters,  in  the  several  forms  of  galena  or 
sulphide  of  lead,  ivhite  lead,  litharge,  and  minium. 

The  first  kind  of  glazing  is  exceedingly  insoluble,  and  it  forms  un- 
doubtedly the  best  material  which  has  hitherto  been  devised  with 
which  to  line  copper  and  iron  vessels.  It  is  to  be  regretted,  however, 
that  it  is  so  brittle  and  liable  to  crack,  either  from  heat  improperly 
applied  or  violence  of  any  land. 

The  second  kind  of  glazing  is  used  chiefly  in  the  coating  of  the  in- 
terior of  baking  and  pie  dishes,  pans  and  jars,  and  is  highly  objection- 
able in  consequence  of  its  composition  and  its  greater  solubility.  It  is 
a  common  practice  to  bake  meat  in  such  dishes,  and  here  the  fatty 
matter  which  flows  from  the  joint  will  be  sure  to  exert  a  solvent  action 
upon  the  glaze.  It  is  equally  common  to  store  jam  and  bake  fruit  in 
such  jars  and  dishes,  the  acids  strongly  acting,  of  com-se,  upon  the 
glaze. 

The  efficiency  of  the  lead-glaze  depends  in  a  measm-e  upon  the 
baking.  It  is  stated  in  '  Muspratt's  Chemistry '  that  badly  baked  ware 
readily  afforded  ind  cations  of  the  presence  of  lead  when  digested  for 
some  time  in  vinegar. 

It  should  be  recollected  that  the  glazes  are  often  colom-ed,  a  variety 
of  other  poisonous  metals  entering  into  the  composition  of  the  colour- 
ing used,  and  here  again  we  encounter  an  additional  source  of  metallic 
contamination  in  some  cases. 

In  reference  to  the  glazing  of  cream-coloured  earthenware,  Accum 
has  written:—'  Pots  of  this  kind  of  stoneware  are  wholly  ynfit  to  con- 
tain jellies  of  fruits,  marmalade,  and  similar  conserves.  Pickles  should 
in  no  case  be  deposited  in  cream-colom-ed  earthenware. 

'  The  baking  of  fruit  tarts  in  cream-coloured  earthenware,  and  the 
saltino-  and  preserving  of  meat  are  no  less  objectionable.  All  kinds  of 
food  which  contain  free  vegetable  acids  or  saline  preparations  attack 
utensils  covered  with  a  glaze  in  the  composition  of  which  lead  enters 
as  a  component  part.'  _     _       ,   ,    x-  i      et  a 

Another  source  of  metallic  contamination  m  cooked  articles  oi  iooq 
is  the  solder  employed,  especially  in  making  tin  vessels,  the  solder  con- 
sisting of  a  mixture  of  lead  and  tin. 

In  storing  as  well  as  cooking,  certain  articles  of  food  often  become 
largely  contaminated  with  various  metals,  especially  with  lead,  zmc, 
and  copper. 
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Lead  is  sometimes  derived  from  the  vessels  made  of  that  metal,  or 
as  already  pointed  out,  from  the  glazing  into  the  composition  of  which 
it  enters. 

Lead  is  a  metal  which  used  formerly  to  be  very  commonly  employed 
in  the  formation  of  vessels  intended  for  the  preparation  and  storage  of 
various  ai-ticles  of  food,  as  particularly  cider  and  milk. 

After  what  has  abeady  been  said,  no  further  remarks  need  be  made 
on  the  danger  of  the  use  of  leaden  vessels  in  the  preparation  of  cider. 
The  action  of  fresh  and  sweet  milk  xipon  the  metal  may  perhaps  be 
trifling,  but  if  the  milk  become  sour,  lactic  acid  is  formed,  and  this 
dissolves  lead  with  the  greatest  ease,  lactate  of  lead  being  very  soluble 
in  water. 

A  striking  iUustration  of  the  effects  of  the  storage  of  liquids  in 
leaden  vessels  is  afforded  by  the  simple  case  of  the  retention  in  a  wine 
bottle  of  a  few  of  the  shot  used  to  cleanse  it.  The  wine  has  been  found 
to  have  become  highly  charged  with  both  lead  and  arsenic,  the  shot  in 
some  cases  being  much  dissolved  and  eaten  away. 

Another  metal  which  used  to  be  much  employed,  and  which  is 
still  used  for  storage  purposes,  is  zinc.  Milk  is  still  not  unfrequently 
kept  in  pails  and  pans  made  of  this  material,  the  result  being  similar 
to  that  arising  from  the  use  of  leaden  vessels  for  the  storage  of  milk, 
but  in  this  case  lactate  of  zinc  becomes  formed  with  even  greater  fa- 
cility than  the  corresponding  salt  of  lead.  Very  serious,  if  not  fatal 
results  have  been  known  to  follow  the  use  of  leaden  and  zinc  vessels 
for  the  storage  of  milk. 

It  has  been  stated  that  the  use  of  zinc  vessels  is  attended  with  an 
increased  yield  of  cream,  amoimting,  it  is  said,  to  as  much  as  twelve 
per  cent.  This  result  is  thus  explained  ;  the  acid  formed  as  the  milk 
turns  sour  is  neutralised  by  the  zinc,  the  coagulation  of  the  milk  is  thereby 
prevented,  and  it  remains  consequently  perfectly  fluid  and  so  allows  of 
the  easy  ascent  of  the  fat  globules. 

Formerly,  and  the  same  is  still  to  some  extent  the  case,  vessels  of 
copper  were  used  for  storage,  a  metal  which,  as  we  have  seen,  is  easily 
oxidised  and  readily  converted  into  soluble  salts. 

Another  class  of  vessels  constantly  employed  for  the  storage  of 
liquids,  especially  malt  beverages,  is  made  oi  pewter,  which  consists  of 
an  alloy  of  lead  and  tin,  with  a  little  antimony  and  copper,  and  it  forms 
the  material  of  which  all  the  pots  of  publicans  are  composed.  This 
alloy  is  exceedingly  soft,  and  is  readily  acted  upon  by  the  acids  of  the 
beer.  "When,  as  is  usually  the  case,  the  vessels  are  kept  perfectly  clean 
and  bright,  and  when  the  liquor  is  allowed  to  remain  in  them  only  for 
a  few  minutes,  the  metallic  impregnation  of  the  beverage  is  but  slight, 
but  if  it  remain  in  contact  with  them  for  some  time,  it  vsdll  become 
charged  with  the  metals. 

Formerly  it  was  not  an  uncommon  thing  for  plates  or  platters  to 
be  made  of  pewter,  and  when  the  food  was  allowed  to  remain  in  the 
plates  for  some  time,  or  was  of  a  greasy  or  acid  nature,  a  portion  of  the 
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metal  was  very  liable  to  l)ecome  dissolved ;  and  then  again,  particles 
of  the  metal  were  sometimes  actually  removed  either  in  the  course  of 
cleansing  the  plates,  or  by  the  action  of  the  knife  in  eating.  It  is  still 
no  unusual  circumstance  to  meet  with  such  plates,  and  we  have  our- 
selves often  eaten  off  them.  Their  great  recommendation,  especially 
in  former  times,  when  crockery  was  not  so  cheap  as  it  is  now,  was  their 
not  heing  liable  to  be  broken. 

It  is  also  a  common  practice  to  store  milk  in  glazed  vessels. 
Here  the  same  objection  obtains,  and  danger  arises,  the  lead  of  the 
glaze  being  quicldy  acted  upon  by  the  acids  of  the  milk  as  in  the  case 
of  storing  milk  in  lead  or  other  metallic  vessels. 

Such  glazed  vessels  are  very  commonly  used  in  the  making  of 
cheese,  especially  abroad  :  in  some  instances  the  milk  is  intentionally 
allowed  to  become  sour,  of  course  with  an  action  correspondingly  great 
on  the  glaze. 

Vinegar,  wine,  spirits,  and  water  are  all  very  frequently  stored  in 
glazed  earthenware  bottles  or  jars,  and  they  are  all  in  consequence  very 
Uable  to  be  contaminated  thereby. 

The  acid  of  the  vinegar  would  of  course  act  speedily  and  greatly 
upon  the  glaze ;  wine  and  spirits  also  contain  acids  which  would  be 
liable  to  exert  a  similar  action  ;  while  some  of  the  acids  and  salts  of 
water,  especially  the  impure  waters  often  sent  to  chemists  for  analysis, 
would  lead  to  a  like  result.  So  much  is  this  the  case,  that  we  have 
been  constantly  in  the  habit  of  insisting  that  the  samples  of  water  sent 
for  analysis  should  always  he  stored  in  glass  vessels.  In  the  case  of 
water,  it  is  not  alone  the  glazing  which  becomes  dissolved,  but  some- 
times a  considerable  quantity  of  the  substance  of  the  jar  itself,  lime 
and  sulphuric  acid  being  thus  frequently  introduced  into  the  waters 
to  be  analysed. 

Again,  metallic  contaminations  are  exceedingly  apt  to  arise  from 
the  various  metals  which  enter  into  the  composition  of  the  j^pes  and 
taps  employed  in  the  storage  and  conveyance  of  various  liquid  articles 
of  food,  it  is  in  this  manner  that  the  presence  of  lead,  copper,  zinc, 
and  tin  is  explained  in  vinegar  and  aerated  waters. 

Lastly,  in  Parkes'  'Chemical  Essays'  a  curious  practice  is  recorded 
whereby  lead  in  the  metallic  state  is  introduced  into  an  article  of 
food.    It  appears  that — 

'  In  some  parts  of  the  North  of  England  it  is  customary  for  the 
innkeeper  to  prepare  the  mint  salad  by  bruising  and  grinding  the  vege- 
tables in  a  large  wooden  bowl  with  a  iDall  of  lead  of  12  or  14  lbs.  weight. 
In  this  operation  the  metal  is  cut  and  portions  of  the  lead  are  ground 
ofl'  at  every  revolution  of  the  ponderous  instrument.  In  the  same 
country  it  is  the  common  practice  to  have  brewing  coppers  constructed 
with  a  bottom  of  copper,  and  the  whole  sides  of  lead.' 

From  all  that  has  been  advanced  it  will  be  evident  that  the  greatest 
possible  cleanliness  should  be  insisted  upon  in  the  case  of  all  metallic 
cooking  utensils.  No  food  ought  to  be  allowed  to  stand  in  them  for  any 
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length  of  time,  especially  when  cold,  since  cold  liquids  absorb  and  re- 
tain more  oxygen  than  when  hot ;  the  vessels  ought,  when  the  cooking 
is  finished,  to  be  emptied  as  soon  as  practicable  and  thoroughly  cleansed 
with  hot  water,  and  be  wiped  quite  dry,  and  they  should  not,  as  is  too 
often  the  case,  be  allowed  to  clean  themselves  simply  by  the  draining 
away  of  their  contents. 

It  should  not  be  forgotten  that  the  action  of  nearly  all  the  metals, 
when  introduced  into  the  human  system,  is  cumulative,  that  is  to  say, 
that  the  dose  of  one  day  is  added  to  that  of  the  day  following,  so  that, 
however  small,  and  comparatively  harmless  the  quantity  of  metal 
introduced  at  a  meal  may  be,  the  time  at  length  arrives  when  the  system 
becomes  so  impregnated  as  to  occasion  injurious  and  even  poisonous 
results.  This  view  of  the  matter  demonstrates  the  necessity  of  insisting 
upon  the  absolute  freedom  of  all  articles  consmned  as  food  from  even  the 
minutest  amount  of  avoidable  metallic  contamination. 

In  reference  to  this  point  we  may  quote  the  following  observations 
from  Accum : — 

_  '  Though  after  all  a  single  dose  be  not  mortal,  yet  a  quantity  of 
poison,  however  small,  when  taken  at  every  meal,  must  produce  more 
fatal  effects  than  are  generally  apprehended,  and  different  constitutions 
are  differently  affected  by  minute  quantities  of  substances  that  act 
powerfully  on  the  system.' 

We  do  not  propose  in  this  place  to  give  the  processes  for  the  de- 
tection of  the  several  metals  to  which  we  have  refen-ed,  since  they 
wiU  be  found  fuUy  described  elsewhere  in  this  work  under  their 
appropriate  headings. 
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ON  THE  BLEACHING  OF  GINGBE. 

{Beprinted  from  Travera  4"  Son's  Weekly  Circular,  May  7,  1860.) 

When  water,  sulphuric  acid,  and  chloride  of  lime,  which  is  a  mixture 
of  hypochlorite  of  calcium  and  of  chloride  of  calcium,  are  mixed  together, 
and  agitated  as  in  the  process  ordinarily  adopted  for  the  bleaching  of  ginger, 
several  chemical  changes  ensue  and  continue  in  operation  for  some  hours 
subsequent  to  the  mixing  of  the  ingredients. 

Through  the  action  of  the  sulphuric  acid  on  the  hypochlorite  of  cal- 
cium, hypochlorous  acid  is  evolved,  whilst  the  chloride  of  calcium  present 
yields  hydrochloric  acid.  Now,  since  hypochlorous  and  hydrochloric  acids 
cannot  exist  together,  water  and  chlorine  are  formed,  the  sulphuric  acid 
uniting  with  the  lime,  sulphate  of  lime  resulting.  Lastly,  when  the  sul- 
phur is  ignited  to  which  the  ginger  is  exposed  in  the  last  part  of  the  process 
of  bleaching,  sulphurous  acid  gas  is  abundantly  formed.  Such,  stated 
in  as  few  words  as  possible,  is  an  outline  of  the  chief  chemical  changes 
attending  the  process  usually  pursued  for  the  bleaching  of  ginger. 

It  is  obvious  from  the  ingredients  employed,  as  well  as  from  a  consider- 
ation of  the  changes  above  alluded  to,  that  in  any  analysis  made  for  the 
purpose  of  ascertaining  the  effects  of  the  process  on  the  condition  and 
wholesomeness  of  the  bleached  ginger,  the  principal  points  which  require 
to  be  determined  are  the  quantities  of  lime,  chlorine,  and  sulphuric  acid 
contained  in  the  unbleached  and  bleached  gingers.  These,  as  also  certain 
other  particulars,  will  be  found  set  forth  in  the  following  analyses: — 


Unbleached  Ginger  1,000  grs. 

Chlorine  ,  "45 

Sulptiuric  acid   6-37 

Lime   3-75 


Total      .  10-57 

Silica  ■  1-20 

Ash  31-80 


The  chlorine  and  sulphuric  acid  in  the  unbleached  ginger  are  in  the 
combined  states  and  not  in  union  with  the  lime. 
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Partly  bleached  Ginger, 
Chlorine       .      .  7-50 
Sulphuric  acid      .  8'96 
Lime     .      .      .  13-49 


Total  .  29-95 

Silica  .  .  .  2-04 
Ash       .      .      .  40-3 


Bleached  Ginger, 
Chlorine        .      .  4-07 
Sulphuric  acid      .  11-20 
Lime      .      .      .  12-82 


Total   .  28-09 

Silica  .  .  .  1-16 
Ash  ....  43-80 


These  results  are  strictly  in  accordance  with  what  would  naturally  be 
anticipated  from  a  knowledge  of  the  process  of  bleaching  followed.  The 
analysis  of  the  partly  bleached  ginger  shows  some  increase  in  the  amount 
of  sulphuric  acid,  and  a  very  large  augmentation  in  the  chlorine  and  lime ; 
that  of  the  bleached  shows  a  still  larger  amount  of  sulphuric  acid,  as  also 
would  be  anticipated  from  the  fact  of  its  having  been  subjected  to  the 
fumes  of  burning  sulphur.  The  silica  is  least  in  the  bleached  ginger,  as 
likewise  we  should  expect  would  be  the  case. 

Subtracting  the  amounts  of  chlorine,  sulphuric  acid,  and  lime  found  in 
the  unbleached  from  those  of  the  bleached  gingers,  it  appears  that  the 
excess  of  those  substances  contained  in  the  latter  is  as  follows : — 


Partly  bleached. 

Chlorine        .      .  7-05 

Sulphuric  acid      .  1-59 

Lime      .      .      .  9-74 


Total     .  18-38 
Or  nearly  2  per  cent. 


Bleached, 

Chlorine        .      .  3-C2 

Sulphuric  acid       .  4-83 

Lime      .      .      .  9-07 

Total   .  17-52 


Presuming  the  chlorine  to  be  in  union  with  the  lime,  as  also  the  sul- 
phuric acid,  and  which,  indeed,  they  are  in  part,  they  represent  the  subjoined 
amounts  of  chloride  of  calciimi  and  sulphate  of  lime,  leaving  a  large  surplus 
of  lime  not  combined  with  either  the  chlorine  or  the  sulphuric  acid: — 

Partly  bleached,  |  Bleached. 

Chloride  of  calcium  10-96  Chloride  of  calcium  5-63 

Sulphate  of  lime    .  2-70  Sulphate  of  Ume    .  8-21 

Excess  of  lime       .  4-72  |          Surplus  of  lime      ,  3-68 

It  must  be  understood,  however,  that  the  chlorine  is  not  all  combined 
with  hme,  part  of  it  being  in  the  free  state;  the  same  remark  applies  to  the 
sulphuric  acid,  part  of  which  was  not  only  in  the  free  state,  but  existed 
in  the  form  of  sulphurous  acid,  especially  m  the  bleached  ginger,  although, 
in  the  analysis,  it  was  more  convenient  to  convert  it  into  sulphuric  acid. 
The  excess  of  lime,  not  combined  with  either  the  chlorine  or  sulphuric  acid, 
IS  explained  mainly  by  the  fact  that  the  chloride  of  lime  used  contained 
much  caustic  lime  and  carbonate  of  lime,  and  was,  therefore,  not  chemically 
pure.  The  proportion  of  chlorine  in  the  chloride  of  lime  of  commerce 
varies  very  greatly. 

.    Calculating  the  quantities  of  sulphur,  chlorine,  sulphuric  acid,  and  lime 
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found  in  the  partially  and  wholly  bleached  gingers  for  1  cwt.,  we  arrive  at 
the  following  results : — 


Partly  bleached  ginger. — Per  cwt, 
ozs.  drs.  grs. 
Chlorine        .      12   5  3 
Sulphuric  acid        2   6  47 
Lime      .      •      17   3  36 


32    7  26 
Equal  to       .    21bs.  7  26 


Bleached  ginger. — Per  cwt. 

ozs.  drs.  grs. 


Chlorine 
Sulphuric  acid 
liime 


6  3  53 

8  5  13 

16  2  0 

31  3  6 


This  gives  rather  more  than  one-fourth  of  an  ounce  of  chlorine,  sulphuric 
acid  and  lime  to  the  pound  of  ginger. 

The  original  amount  of  chloride  of  lime  and  sulphuric  acid  used  were 
for  the  cwt.  as  follows : — 

lbs.  ozs.  drs. 

Chloride  of  lime  5      9  5 

Sulphuric  acid  1  Pint  l-5th. 

To  these  quantities  must  be  added  the  sulphurous  acid  generated  by  the 
sulphur  biirned. 

It  follows  therefore,  that  not  nearly  the  whole  of  the  ingredients  used 
in  the  bleaching  are  taken  up  by  the  ginger  during  the  process. 

"We  have  now  before  us  all  the  elements  necessary  to  enable  us  to  arrive 
at  a  clear  judgment  as  to  whether  the  ginger  is  or  is  not  rendered  unwhole- 
some by  the  process  pursued. 

From  the  calculations  given,  it  appears  that  the  entire  addition  of 
chlorine,  sulphuric  acid,  and  lime  resulting  from  the  bleaching  is  a  little 
over  a  quarter  of  an  ounce  to  the  pound  of  ginger.  Now  this  amount, 
although  considerable,  when  we  consider  that  ginger  is  a  condimental  sub- 
stance, and  that  it  is  mixed  with  articles  of  diet  only  in  very  small  quanti- 
ties, is  by  no  means  sufficient  to  render  the  ginger  unwholesome  or  injurious. 

Nevertheless,  except  in  appearance,  which  is  certainly  greatly  improved, 
we  consider  that  the  unbleached  ginger  is  much  to  be  preferred,  a  conclusion 
confirmed  by  the  fact  that  the  agents  used  extract  some  of  the  active 
properties  of  th6  root. 

An  attentive  consideration  of  the  analyses  shows  that  a  chief  objec- 
tion to  the  process  of  bleaching  adopted  consists,  mainly,  in  the  large 
quantity  of  siilphurous  acid  added  to  the  ginger,  derived  from  the  burning 
of  the  sulphur.  In  the  course  of  time  this  becomes  converted  into  sulphuric 
acid,  which,  in  place  of  bleaching,  tends  to  darken  the  ginger.  Now  were 
this  part  of  the  process  either  omitted  or  modified,  one  objection  would  be 
obviated. 

There  are  two  plans  which  might  be  followed  with  advantage. 

The  first  is,  that  the  ginger,  after  exposure  to  the  fumes  of  sulphur, 
should  be  well  washed  in  pure  water.  This  would  serve  to  remove  tlie 
greater  part  of  the  free  sulphurous  acid. 

The  second  plan  consists  in  the  substitution  for  the  sulphur  ot  the  hy- 
posulphites of  soda  or  lime.    This  should  be  placed  in  water,  the  ginger 
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added,  and  the  sulphurous  acid  liberated  by  the  addition  of  a  little  sulphuric 
acid.  Finally,  the  ginger  should  be  washed  in  water  and  dried.  The  sul- 
phites are  valuable  and  powerful  bleaching  agents. 


THE  DETECTION  OF  ALUM  IN  BREAD. 

It  appears  that  we  now  possess  an  easy  and  certain  method  for  the 
detection  of  alum  in  bread.  Professor  Hadow,  of  King's  College,  London,, 
formerly  suggested  the  immersion  of  the  bread  in  a  decoction  of  logwood^ 
when  the  presence  of  alum  he  affirmed  would  be  indicated  by  the  appearance 
of  a  blue  coloration.  But  this  process  has  long  since  been  declared  to  be 
quite  worthless,  and  had  been  generally  abandoned,  until  Mr.  Horsley,  of 
Cheltenham,  succeeded  in  improving  it  by  certain  modifications,  so  that  by 
it  we  are  now  able  to  detect  even  very  small  quantities  of  alum  in  a  very 
ready  manner.  The  preparation  of  the  necessary  solutions  is  as  follows : 
— An  alcoholic  solution  of  logwood  is  obtained  by  digesting  half  an  ounce 
of  logwood  in  10  ounces  of  methylated  spirit  for  eight  hours  and  filtering. 
A  saturated  aqueous  solution  of  ammonium  carbonate  is  also  prepared.  A 
teaspoonful  of  each  of  these  solutions  is  then  diluted  with  about  a  wine- 
glassful  of  water,  and  a  thick  slice  of  the  crumb  of  the  bread  suspected  to 
contain  alum  is  then  placed  in  the  dark  red  liquid.  The  bread  is  allowed 
to  soak  till  it  is  quite  soft,  which  will  be  the  case  in  about  five  minutes, 
and  is  then  placed  on  a  white  plate.  If  alum  be  present  in  large  quantity 
the  bread  will  have  assumed  a  dark  indigo-blue  colour,  whilst  with  smaller 
amounts  the  colour  will  be  more  or  less  blue,  but  with  very  small  quan- 
tities it  is  sometimes  difficidt  to  say  whether  the  colour  is  red  or  blue. 

We  have  tested  this  method  carefully,  examining  the  bread  both  chemi- 
cally and  by  means  of  Mr.  Horsley's  method,  and  we  have  found  that  the 
one  method  corroborates  the  other. 

THE  ADULTEEATION  OF  BEEE. 

During  the  last  few  years  German  and  especially  Bavarian  beer  has  been 
largely  adulterated  with  the  flowers,  tubers,  and  seeds  of  Colchicum  autumnale, 
all  of  which  contain  the  highly  poisonous  and  bitter  aUialoid  Colchicin. 
Great  quantities  of  this  plant  are  gathered  in  meadows,  where  it  is  conspicu- 
ous in  autumn  by  its  purplish  blue  flowers,  and  in  spring  by  its  leaves  and 
seed  capsules.  As  far  as  we  are  aware,  the  alkaloid  has  not  been  detected  in 
the  beer  itself,  but  of  the  employment  of  the  plant  no  doubt  whatever  exists. 
Beans  and  peas  are  also  largely  used  to  adulterate  Bavarian  beer,  and  so  to 
save  malt. 

When  recently  a  large  brewery  a,t  Munich  was  consumed  by  flre,  and  the 
fire-brigade  officers  gained  entrance  into  the  brewing-rooms,  more  peas  and 
beans  were  found  than  malt,  and  the  brewer,  after  some  hesitation,  acknow- 
ledged that  he  had  employed  them  for  a  long  time  in  the  preparation  of  the 
wort. 

Unfortunately  the  German  sanitary  laws  are  as  yet  so  imperfect  as  to 
afford  but  little  protection  against  such  frauds. 
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GENEEAL  SUMMAEY  OF  ADULTEEATION. 

Hating  now  treated  very  fully  of  tlie  adulterations  practised  upon 
nearly  all  articles  of  consumption,  both  Food  and  Drink,  we  are  in  a 
position  to  take  with  advantage  a  review  of  the  whole  subject,  and  to 
treat  of  adulteration  in  its  more  general  and  impoitant  aspects  and 
relations.  Thus — amongst  other  points — to  define  what  constitutes 
adulteration  ;  to  prove  its  prevalence  ;  to  consider  the  excuses  urged  in 
extenuation  and  the  real  causes  of  its  prevalence ;  who  are  the  parties 
guilty  of  adulteration ;  to  give  a  classification  of  the  substances  em- 
ployed ;  to  show  the  importance  of  the  question  in  its  commercial, 
sanitary,  and  moral  bearings  ;  and,  lastly,  to  treat  of  the  means  which 
may  be  employed  for  the  discovery  and  prevention  of  adulteration. 

DEFINITION  OF  ADtTLTEKATION. 

1.  The  sale  of  one  article  in  place  of  another  is  not  an  adulteration, 
but  a  substitution — as  of  chicory  for  cofiee,  of  foreign  animal  fat  for 
butter. 

2.  So,  likewise,  the  abstraction  of  any  portion  or  constituent  of  an 
article,  as  of  the  fatty  matter  or  cream  from  milk,  or  the  butter  from 
cocoa. 

3.  The  presence  of  substances  in  articles  in  consequence  of  im- 
purities contained  in  the  materials  with  which  they  were  prepared, 
as,  for  example,  of  arsenic  in  the  hydrochloric  acid  used  in  the  pre- 
paration of  unfermented  bread,  does  not  constitute  adulteration ;  they 
are  simply  impiu^ties. 

4.  The  accidental  presence  of  substances,  in  any  commodity,  as  of 
earthy  matter  in  pepper  and  tea,  is  not  an  adulteration. 

5.  The  presence  of  substances  derived  from  the  vessels  or  utensils 
in  which  the  articles  are  prepared  or  cooked,  as  of  copper  in  vinegar, 
pickles,  &c.,  of  lead,  arsenic,  antimony,  tin  and  other  metals  in  various 
articles  of  consumption.  These  can  hardly^  be  termed  accidental 
impurities,  since  they  are  the  known  and  inevitable  results  of  the  use 
of  such  vessels.  , 

Excluding,  then,  from  the  class  of  adulterations  all  cases  ot 
substitution,  abstraction,  of  impurities  and  contaminations,  whether 
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accidental  or  resulting  from  the  employment  of  certain  vessels  used 
for  preservation,  storing  or  coolring,  adulteration  may  be  thus  de- 
fined : — 

It  consists  in  the  intentional  addition  to  an  article  of  any  substance 
or  substances,  the  presence  of  which  is  not  ac1cnowled(jed  in  the  name 
under  which  the  article  is  sold,  for  piu-poses  of  gain,  deception,  or 
concealment. 

It  is  not  easy  so  to  frame  a  definition  which  shall  apply  to  everv 
case :  that  now  given  does,  however,  most  certainly  embrace  the  great 
majority  of  adulterations  practised,  and  it  excludes  substitutions, 
abstractions,  impurities,  and  contaminations,  because  it  specifies  that 
the  addition  must  be  intentional. 

According  to  this  definition  the  sale  of  faced  green  tea,  the  pre- 
sence of  copper  in  bottled  and  tinned  fruits  or  vegetables,  of  coffee 
contaimng  chicory  for  and  as  coffee,  of  cocoa,  into  which  suo-ar  and 
starch  have  been  purposely  introduced,  and  of  mustard,  coStainino- 
flour  and  turmeric,  as  cocoa  and  mustard,  constitute  so  many  adulte- 
rations. 

The  consumer  entering  a  shop  and  asking  for  any  article  has  a 
right  to  expect  he  will  be  supplied  with  that  which  he  demands 
and  for  which  he  pays  ;  and  he  ought  not  to  be  furnished  with  a  mix- 
ture of  articles  not  acknowledged  in  the  name  under  which  the  mixtui-e 
is  sold,  and  the  nature  and  proportions  of  the  ingredients  enterino-  into 
which  are  almost  always  unknown  to  him.  This  right  undeniablv 
belongs  to  the  pm-chaser,  and  any  wilful  violation  of  it  constitutes 
adulteration. 

The  words  coffee,  cocoa,  and  mustard  convey  distinct  ideas  •  these 
names  have  been  bestowed  upon  certain  vegetable  productions- 
coffee  upon  the  berries  of  the  coffee  plant,  cocoa  and  mustard  upon  the 
seeds  bruised  and  reduced  to  powder  of  the  cocoa  and  mustard 
plants :  any  application,  therefore,  of  these  words  to  mixtm-es  and 
compounds  is  obviously  improper,  and  in  many  cases  is  in  a  hic^h  de- 
gree deceptive.  ° 

The  plea  that  the  addition  of  chicory  to  coffee,  of  flour  and  sucrar 
to  cocoa,  of  tm-menc  and  floiu-  to  mustard,  as  well  as  numerous  other 
additions,  constitute  improvements,  ought  not  to  avail.  In  nineteen 
cases  out  of  twenty,  these  additions  are  no  improvements  at  all ;  and, 
where  they  reaUy  are  so,  the  mixtures  ought  to  be  ack-nowledged  in 
the  names  under  which  such  mLxed  articles  are  sold:  and  not  only 
ought  this  to  be  done,  but  the  proportions  of  the  several  ingredients 
should  in  strict  fairness  be  likewise  stated. 

In  our  opinion  therefore,  in  the  sale'  of  mixed  articles,  the  law 
should  require-(l.)  That  the  mixed  article  should  not  be  sold  under 
the  name  of  any  one  of  its  constituents  ;  (2.)  That  the  name  given  it 
should  show-  that  It  IS  a  mixture ;  and  (3.)  That  the  proportion  of  aU 
the  pnncipal  constituents  should  be  stated.  * 

Thus  it  should  not  be  lawful,  as  it  is  now,  to  seU  under  the  name 
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of  miLStard  a  compound  of  wheat  flour,  turmenc,  and  cayenne  pepper, 
with  in  some  cases  scarcely  any  mustard  at  all,  or  as  coffee  a  mixture 
consisting  almost  exclusively  of  chicory,  even  although  the  ad- 
mixture is  acknowledged  in  general  terms  by  affixing  a  label  to  the 
package,  with  a  statement  that  the  article  is  mixed.  Such  labels  are 
usually  printed  in  inconspicuous  characters,  and  are  placed  upon  some 
obscure  part  of  the  package,  so  that  they  frequently  escape  the  notice 
of  the  pm-chaser,  besides  which,  amongst  the  poor  there  are  large 
niuubers  of  people,  and  children  particularly,  who  are  unable  to  read 
at  all. 

The  Sale  of  Food  and  Drugs  Act  fails  to  meet  in  this  particular 
the  requirements  of  justice,  for  althoug-h  it  stipulates  that  mixtures 
should  be  sold  as  such,  it  makes  no  provision  as  to  the  names  under 
which  they  are  sold,  or  as  to  the  proportions  of  the  ingredients.  Thus, 
mixed  mustard,  coffee  and  cocoa  will  all  be  sold  under  the  name  of 
the  unmixed  and  piu-e  articles. 

But  any  measm-e  dealing  with  the  subject  of  adulteration  ought 
to  contain  provisions  to  meet  cases  of  substitution,  abstraction,  and 
those  impiu-ities  of  food  due  to  carelessness  or  permitted  for  certain 
special  objects,  as,  for  example,  the  removal  of  copper  from  the  vessels 
for  the  purpose  of  greening  pickles  and  preserves.  The  recent  Sale  of 
Food  and  Drugs  Act  does  in  fact  take  notice  of  substitution  and 
abstraction,  but  it  especially  exempts  impurities  of  all  kinds,  although 
their  presence  may  be  due  to  culpable  negligence,  or  even  to  inten- 
tional admixtiu-e,  as  the  large  quantity  of  earthy  matter  frequently 
contained  in  pepper  and  tea,  and  in  this  respect,  as  in  so  many  others, 
the  Act  in  question  is  defective. 

By  including  cases  of  substitution  and  abstraction,  the  framers  of 
the  Act  referred  to  were  enabled  to  get  rid  of  the  word  adulteration 
altogether,  which  word,  strange  to  say,  is  not  once  mentioned  in  the 
Act,  although  of  course  nearly  the  whole  of  the  offences  under  it  are 
cases  of  adulteration.  This  course  was  not  at  all  necessaiy,  as  it 
would  have  been  very  easy  to  have  included  substitutions  and  ab- 
stractions under  adulterations,  but  one  need  not  go  far  to  find  the 
reason  for  the  abandonment  of  the  word  adulteration.  The  Sale  of 
Food  and  Drugs  Act  is  for  the  most  part  the  work  of  the  manufac- 
turers of  articles  of  food — to  them  the  word  in  question  is  an 
abomination,  and  so  it  was  cleverly  determined  to  burk  it  altogether. 
According  to  the  Act  referred  to  there  is  now  no  such  thing  as 
adulteration,  this  wholesome  and  meaning  word  being  therein  entirely 
abolished. 

Another  defect  of  the  Act  alluded  to  is  that  it  does  not  contain 
any  definitions  of  adulterations,  as  it  ought  to  have  done.  A  schedule 
should  have  been  given,  setting  forth  under  the  name  of  each  article 
what  constitutes  adulteration.  Such  a  document  it  would  have 
been  very  easy  to  have  prepared,  and  it  woidd  have  put  an  end  to  the 
doubts,  difficulties  and  contradictions  which  are  certain  to  arise  under 
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tlie  present  Act,  because  it  would  define  plainly  what  was  prohibited 
in  the  case  of  every  article.  The  schedule  should  have  been  framed  in 
fact  in  the  manner  in  which  the  definitions  are  drawn  up  which  head 
the  different  chapters  of  this  work. 

PBEVAUJjrCE  OF  ADTJLTERATIOIf, 

The  following  particulars  will  serve  to  convej'^  some  idea  of  the 
great  prevalence  of  adulteration. 

Duiing  the  course  of  the  six  years  from  1850  to  1856  the  author 
examined  over  3,000  samples  of  the  principal  articles  of  consumption, 
as  well  as  many  drugs,  and  the  one  great  result  of  this  extended 
experience  went  to  prove  that  dm-ing  those  years  there  were  few 
articles  of  consumption  the  adulteration  of  which  was  practicable,  and 
which,  at  the  same  time,  could  be  rendered  profitable,  which  were  not 
•extensively  subjected  to  adulteration. 

Since  the  period  referred  to  he  has  analysed  some  thousands  of 
additional  samples  with  the  gratifying  result  that  adulteration  does  not 
now  prevail  to  anything  like  its  former  extent,  this  result  being  due  to 
several  causes : — To  the  exposures  made  for  so  long  a  period  in  the 
'  Lancet ' ;  to  the  increased  facilities  for  detecting  adulteration  ;  to  the 
several  enquiries  into  the  subject  by  Parliamentary  Committees  ;  and 
to  the  Acts  which  have  been  passed  dealing  with  the  subject.  But 
although  not  nearly  so  prevalent  as  formerly,  it  yet  does  prevail  to  a. 
large  extent,  and  we  believe  that  it  is  again 'increasing,  and  that 
much  legalised  adulteration  veill  take  place  under  the  Sale  of  Food  and 
Drugs  Act,  a  measure  framed  in  the  interests  of  the  manufacturers 
of,  and  dealers  in,  food. 

The  evidence  of  the  former  prevalence  of  adulteration  does  not,  how- 
•ever,  rest  upon  the  testimony,  imdeniable  as  that  evidence  has  been 
shown  to  be,  of  a  single  enquirer ;  but  many  scientific  obsen^ers  of  un- 
doubted capabilities,  and  in  every  respect  trustworthy,  have  testified  to 
the  same  effect;  as,  in  this  coimtry,  Accum,  Mitchell,  Normandy, 
■Gray,  O'Shaughuessy,  Pereira,  Thomson,  Warington,  Taylor,  Calvert, 
■Quekett,  Bastick,  Gay,  Phillips  of  the  Excise,  and  mauv  others ;  and 
abroad,  MM.  Gamier  and  Harel  and  M.  Chevallier. 

_  The.  numerous  witnesses  examined  before  the  Parliamentary  Com- 
mittee on  Adulteration,  of  1855,  with  one  or  two  unimportant  excep- 
tions, concurred  in  their  statements  respecting  the  general  prevalence 
■of  adulteration.  Indeed,  so  conclusive  was  the  evidence  deemed  that 
the  Committee  admitted  that  they  had  been  constrained  to  aclmowledge 
that  the  statements  made  as  to  the  extensive  practice  of  adulteration 
had  been  fidly  confirmed  by  the  enquiry,  and  that  legislation  had  been 
rendered  imperative. 

The  Committee  stated,  in  their  Eeport,  that  they  '  cannot  avoid  the 
conclusion  that  adulteration  widely  prevails.'    '  Not  only  is  the  public 
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liealtli  thus  exposed  to  danger,  and  pecuniary  fraud  committed  on 
the  whole  community,  but  the  public  morality  is  tainted,  and  the  high 
commercial  character  of  the  coimtiy  seriously  lowered  both  at  home 
and  in  the  eyes  of  foreign  countries.' 

These  are  grave  statements  and  admissions,  made  on  the  very 
highest  authority. 

Of  course  no  evidence  can  be  more  satisfactory  or  conclusive  than 
that  of  witnesses  who  speak  to  what  they  themselves  have  ascertained 
in  the  course  of  their  investigations ;  there  is,  however,  evidence  of 
the  existence  of  adulteration  of  another  kind,  and  that  is  the  occasional 
supply  of  articles  of  consumption  to  workhouses  and  other  public 
establishments  urider  market  price.  "VVe  have  become  acquainted  with 
more  than  one  instance  of  this  kind,  especially  in  the  articles  arrowroot 
and  oatmeal ;  the  dilFerence  in  price  being  ascertained  to  have  been 
made  up  by  adulteration. 

Dr,  Normandy  concluded  his  evidence  before  the  Parliamentaiy 
Committee  referred  to  with  this  remark  : — 

'  Adulteration  is  a  wide-spread  evil,  which  has  invaded  every  branch, 
of  commerce  ;  everything  which  can  be  mixed  or  adulterated  or 
debased  in  any  way,  is  debased.'  To  the  general  accm-acy  of  this 
declaration  our  own  experience  compelled  us  to  subscribe. 

It  may  in  the  next  place  be  considered  how  it  happens  that  adulte- 
ration is  so  prevalent. 

Various  reasons  have  been  assigned  to  account  for  this  prevalence  : 
the  majority  of  these  have  been  suggested  by  parties  more  or  less 
interested  in  adulteration,  either  directly  or  indirectly  ;  the  principal 
of  them  we  sliall  proceed  to  notice,  and  first  those  reasons,  or  rather 
excuses,  which  have  beeu  urged  in  defence  of  adidteration. 


EXCUSES  ITRaED  IN  EXTEXITATIOH-  OP  ADTrLTERATIO>^. 

One  reason  assigned  in  defence  of  many  adulterations  is  that  they 
are  practised  in  obedience  to  the  wishes  and  tastes  of  the  public. 

Another,  that  the  additions  made  to  several  articles  constitute  im- 
provements. 

It  is  on  the  first  of  these  pleas  that  the  practice  of  colouring 
red  sauces,  potted  meats,  and  fish  with  bole  armenian ;  cheese  with 
annatto ;  pickles,  bottled  fruits,  and  vegetables  with  copper  ;  and  sugar 
confectionery  with  various  pigments  ■  consisting  of  salts  of  arsenic, 
copper,  lead,  and  antimony,  is  excused. 

Now,  although  it  may  be  true  that  the  public,  in  some  instances, 
prefer  the  more  liighly  coloured  article,  yet  they  do  so  as  a  mere  ques- 
tion of  appearance,  and  in  total  ignorance  of  the  means  by  which  these 
colom's  are  obtained  ;  these  means  explained,  and  the  public  made 
aware  of  the  fact  that  they  are  produced  by  some  of  the  most 
poisonous  substances  Imown,  it  is  not  correct  to  say  that  they  would 
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knowingly  sanction  tlie  iise  of  tliese  poisons,  and  would  prefer,  merely 
for  the  sake  of  colour,  articles  whicli  were  known  to  contain  injui-ioiis 
substances  to  those  which  are  pure  and  wholesome. 

It  is  on  the  second  of  these  pleas,  viz.,  that  the  additions  made  to 
several  articles  constitute  so  many  improvements,  that  the  addition  of 
chicory  to  coliee  is  defended ;  wheat-flom*  and  tm-meric  to  mustard ; 
sugar  and  starch  to  cocoa ;  sulphiu-ic  acid  to  vinegar.  We  have  abeady 
treated  of  the  addition  of  chicory  to  cotfee,  and  of  sugar  and  starch 
to  cocoa;  and  have  shown  that  it  is  very  questionable  whether 
chicory  is  an  improvement  to  coiFee,  and  whether  it  is  not  positively 
hurtful ;  if  it  be  an  improvement,  still  it  is  proper  that  each  of  tlie 
articles  called  chicory  and  cofl'ee  should  be  sold  by  itself,  and  used  or 
not  by  the  public  as  it  might  wish.  In  the  case  of  cocoa  it  has  been 
proved  that  the  sugar  and  starch  are  employed  in  many  cases  to  such 
an  extent  that  the  compound  of  stai'ch,  sugar,  and  cocoa  scarcely 
retains  the  flavour  or  smell  of  the  latter  substance,  while  its  colom-  is 
so  altered  and  rednced,  that  it  becomes  necessary  to  have  recom-se  to 
colom'ed  earths  to  bring  it  up  to  its  proper  standai'd. 

The  manufactm-er  tells  xis  that  mustard  by  itself  is  so  disagreeable 
that  we  could  not  eat  it,  and  hence  the  nse  of  wheat-flour  and  turmeric. 
But  the  answer  to  this  statement  is  that,  in  some  of  the  so-called 
mustaixls,  the  tm-meric  and  wheat-flour  are  so  out  of  proportion  that 
the  compoimd  scarcely  retains  the  flavoiu'  of  mustard.  Again,  that 
genuine  mustard  cannot  be  so  impalatable  a  thing  is  proved  by  the  fact 
that  there  are  now  some  manufactm-ers  who  profess  to  sell  nothing  but 
the  genmne  article. 

Another  plea  m-ged  in  extenuation  of  certain  additions  is,  that  they 
are  necessary  in  order  to  make  the  articles  keep.  It  was  on  this  ground 
that  the  legislature  was  brought  to  sanction  the  addition  of  sulphuric 
acid  to  -vinegar ;  but  that  it  has  no  real  foundation  in  this  case  is  shown 
by  the  fact  that  there  are  now  manufactm-ers  conducting  extensive 
establishments  Avho  do  not  add  even  the  smallest  proportion  of  sul- 
phm'ic  acid  to  their  vinegar. 

When,  therefore,  the  manufacturer  or  seller  defends  any  pai-ticidar 
admixture  or  adidteration,  on  any  of  the  pleas  referred  to,  namely, 
that  it  is  practised  to  suit  the  public  taste,  that  it  is  an  improvement, 
or  that  it  is  necessaiy  in  order  to  make  the  article  keep,  we  would 
advise  our  readers  to  look  well  into  the  matter  for  themselves.  They 
will  be  almost  sm-e  to  find  something  wrong,  some  fallacy  at  the  bottom 
of  these  statements.  They  will  too  often  find  that  this  pretended 
regard  for  the  wishes  and  tastes  of  the  public  resolves  itself  into  a 
question  of  gain  to  the  manufactm-er  or  trader. 

Another  plea  sometimes  urged  in  extenuation  of  adulteration,  and 
perhaps  there  is  something  in  it,  but  not  much,  is  that  it  is  unpossible 
to  supply  genuine  articles  at  the  prices  the  public  are  willing  to  pay  for 
them. 
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No  doubt  the  public  like  to  obtain  what  they  require  at  as  cheap  a 
rate  as  possible,— but  it  is  for  the  trader  to  fix  the  prices  at  which  he 
can  afford  to  sell  his  goods,  and  not  the  public  ;  further,  if  it  were  ex- 
plained to  the  public  by  the  dealer  that  he  could  not  answer  for  the 
quality  or  piu-ity  of  the  very  cheap  articles  sold,  there  are,  we  believe, 
very  few  persons  who  would  be  so  silly  as  to  prefer  the  adulterated 
to  the  genuine  article,  although  the  former  might  be  apparently  the 
cheaper. 

We  say  apparently  cheaper,  because  in  many  cases  these  so-calied 
cheap  articles  are  really  the  dearest  in  the  end,  for,  owing  to  the 
extent  to  which  they  are  adulterated,  they  do  not  go  nearly  so  far  as 
genuine  articles  would  do.  The  public  then,  we  consider,  is  but  little 
at  fault.  It  merely  requires  to  be  made  acquainted  with  the  true  and 
actual  state  of  things,  and  there  is  no  doubt  but  that  in  ninety-nine 
out  of  every  hxmdred  cases  it  would  prefer  the  genuine  to  the  adul- 
terated commodity,  even  although  for  this  a  somewhat  higher  price 
had  to  be  paid. 

A  fiu-ther  excuse  sometimes  urged  in  defence  of  certam  adultera- 
tions is  that  they  do  no  harm.  By  this  plea  we  suppose  is  meant 
that  they  are  not  hurtful  to  the  health,  but  only  to  the  pocket.  On 
this  oTound  the  adulteration  of  milk  with  water  is  sometimes  de- 
fended. Now  we  are  of  opinion  that  there  are  few  more  scandalous 
and  indireotlv  iniurious  adulterations  than  this.  Milk  is  an  important 
and  prime  article  of  diet,  full  of  nourishment,  and  in  proportion  as 
water  is  added,  so  are  those  who  partake  of  the  diluted  compound 
robbed  of  their  proper  nourishment.  „    ,  i. 

Such  are  some  of  the  excuses  employed  in  defence  ot  adulteration. 
That  they  should  be  urged  by  certain  manufacturers  and  traders, 
whose  profits  in  some  cases  are  so  largely  dependent  upon  adulteration, 
is  not  so  sm-prising;  but  what  really  is  astonishing  is  that  there  should 
be  found  some  few  men,  very  few,  we  are  happy  to  state,  of  more 
or  I'^ss  scientific  repute,  who,  influenced  by  certain  considerations  ot 
interest,  lend  the  weight  of  their  names  and  use  theii-  scientific  attain- 
ments in  defence  of  adulteration.  .  •  ^ 

Science  is  never  so  rightly  or  so  nobly  employed  as  when  itministera 
to  the  wants  and  well-being  of  manMnd,  and  especially  when  it  is 
used  for  the  protection  of  the  public  health.  On  the  other  hand,  is 
it  not  an  unworthy  and  an  ignoble  use  to  make  of  science  to  employ 
it  in  defence  of  practices  which  even  those  who  defend  them  most  m 
their  own  consciences  must  condemn?  And  yet  there  are  men  who 
tlms  demean  themselves. 

Thus  they  endeavour,  if  possible,  to  get  up  a  cry  of  exaggeration, 
and  this  in  the  face  of  evidence  of  the  most  conclusive  and  demon- 

'''lro£Tom-se  pursued  is  to  cite  some  of  the  less  important  in- 
stantes  of  adulteration,  as,  for  example,  the  addition  of  almn  to  bread, 
of  watei  to  spirits,  and  to  argue  from  them  as  though  they  were  not, 


GENERAL  SUMMAHY  OF  ADULTEHATION. 


837 


as  they  really  are,  parts  of  a  system,  but  as  if  tbey  were  tlie  worst 
instances  of  adulteration,  and  as  though  the  entii-e  case  rested  upon 
them. 

Another  favourite  plea  used  in  extenuation  of  adulteration  is 
that  the  quantities  in  which  some  of  the  substances  are  employed, 
as  those  used  for  the  sake  of  colour,  are  too  inconsiderable  to  be  pro- 
ductive of  hiu'tful  results. 

This  is  so  sometimes,  but  it  certainly  is  not  the  case  in  the  ma- 
jority of  instances.  In  many  cases  injurious  consequences  have  been 
actually  proved  to  ensue;  thus  many  persons  have  been  poisoned 
outright,  and  have  lost  their  lives,  from  the  use  of  colom-ed  sugar 
confectionery;  others  have  been  rendered  seriously  ill.  Oases  of 
lead  paralysis  have  been  produced  by  the  lead  pm-posely  introduced 
into  snuff,  and  the  same,  it  has  been  asserted,  has  occiu-red  from  the 
use  of  cayenne  coloured  or  adulterated  with  red  lead.  Again, 
illness  of  a  serious,  and  even  fatal,  character  has  been  produced  by 
the  use  of  poisonous  adulterants  not  pigments,  as  from  lead  in  wine, 
cocculus  indicus  in  beer  and  spirits.  Indeed,  instances  might  be  mul- 
tiplied to  a  large  extent  of  disease  originating  in  the  use  of  substances 
employed  for  adulteration.  Who  can  tell  how  many  invalids  and  tender 
children  have  fallen  victims  to  the  dangerous  adulterations  practised 
upon  food,  drinks,  and  drugs,  if  the  ti'ue  causes  of  prematm-e  death 
could  be  traced  out  in  all  such  cases  ?  That  dyspeptic  ailments 
often  owe  theu-  origin  to  the  adulteration  of  aa'ticles  of  food  is  un- 
questionable. 

Besides,  if  the  employment  of  poisonous  pigments  and  other 
substances  is  to  be  permitted  at  all,  what  guarantee  or  secmity  have 
we  against  accidents  resulting  from  the  careless  and  ignorant  use  of 
such  poisonous  or  injiuioiis  articles  ?  The  only  right  and  safe  principle 
upon  which  to  act  we  maintain  is  to  discard  the  use  of  all  additions 
to  articles  of  consiuuption  that  are  imnecessary,  or  which  may  pos- 
sibly become  a  source  of  danger.  Again,  it  must  be  remembered 
that  the  ill  effects  of  adulteration  canmit  be  estimated  by  the  quantity 
of  any  particular  ingredient  contained  in  any  one  article.  So  prevalent 
is  adulteration,  that  in  the  coiu'se  of  a  single  day  it  often  happens 
that  several  injmioiis  ingredients  are  partaken  of,  and  in  order  to 
aiTive  at  any  correct  conclusion  we  must  therefore  take  the  sum  of 
the  whole  of  these  ingredients. 

Lastly,  in  endeavoiuing  to  estimate  the  effects  of  adulteration  on 
health,  the  fact  must  be  borne  in  mind  that  some  of  the  metallic 
poisons  used  are  what  are  called  cumulative. 

We  have  been  induced  to  enter  into  an  examination  of  the  various 
pleas  on  which  the  practice  of  adulteration  is  sometimes  defended,  in 
order  that  when  the  readers  of  this  work  hear  them  m'ged,  as  some 
of  them  doubtless  wUl,  they  may  know  what  they  are  really  worth, 
and  how  they  may  be  refuted. 

Having  noticed  the  various  pleas  on  which  adulteration  is  de- 
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fended,  we  have  still  to  consider  to  what  cause  or  causes  its  prevalence 
is  due. 

EEAL  CAUSES  01?  THE  PEEVAXENCE  OF  ADULTERATIOl^. 

The  great  cause  which  accounts  for  the  larger  part  of  the  adul- 
teration which  prevails  is  the  desire  of  increased  piofit ;  a  second 
cause  is  excessive  and  unfair  competition.  A  trader,  perceiving  that 
his  ueighhour  in  the  same  business  is  selling  his  goods  at  prices  at 
which,  if  genuine,  it  would  he  impossible  to  realise  a  profit,  knows  that 
this  can  only  be  done  by  having  recourse  to  adulteration,  and  finding 
that  he  cannot  compete  with  his  unscrupulous  fellow-ti-ader,  at  length 
he  himself  too  often  has  recom'se  to  the  same  practice.  We  thus  per- 
ceive how  difficult  it  is  for  many  tradesmen  who  desire  to  do  so  to 
conduct  their  business  in  an  honourable  way,  and  to  resist  the  tempt- 
ation to  adulterate.  The  main  causes  of  the  prevalence  of  adidtera- 
tion  are,  then,  the  desire  of  increased  profit  and  excessive  and  unfair 
competition. 

WHO  AKE  THE  PARTIES  GtlTLTY  OF  ADTTLTERATIOK  ? 

The  next  question  for  consideration  is :  Who  are  the  parties  guilty 
of  adulteration  ? 

The  answer  is,  in  some  cases,  the  manufacturers,  and  in  others  the 
retail  dealers.  This  distinction  is  of  the  utmost  importance,  especially 
with  reference  to  the  means  to  be  adopted  for  the  discoveiy  and  sup- 
pression of  adulteration. 

Some  of  the  adulterations  practised  require  to  be  so  on  the  large 
scale,  and  involve  the  use  of  extensive  machinery,  which  the  trades- 
man does  not  possess  ;  and  in  consequence  certain  adulterations,  as  of 
flom",  of  chicory,  of  cocoa,  of  spices,  and  of  many  drugs,  are  practised 
by  the  grinders  and  roasters  of  those  articles ;  there  is  a  class  of  persons 
Imown  as  spice  and  drug  grinders,  with  whom  lies  much  of  the  fault 
of  the  adulteration  of  spices  and  drugs. 

In  the  di-ug  trade  the  practice  at  one  time  was  very  general,  and  it 
still  prevails  to  some  extent,  of  adding  sawdust  of  different  kinds,  as 
well  as  other  articles,  in  order,  it  was  urged  iu  excuse,  to  make  up  for 
the  varying  and  average  loss  sustained  hj  different  drugs  in  the  course 
of  drying  and  grinding  to  a  uniform  loss  of  4  per  cent.  This  is  called 
the  4  per  cent,  system ;  however,  the  practice  does  not  stop  here,  but 
leads  to  every  species  and  degree  of  abuse. 

The  adulterations  of  mustard,  vinegar,  annatto,  snuff",  coloured 
sugar  confectionery,  and  some  other  articles,  are  also  usually  practised 
by  the  manufacturers. 

There  are  good  reasons  why,  in  many  cases,  the  manufactiurer  should 
be  the  adulterator.  Not  only  has  lie  the  necessary  machinery  and  other 
means  of  performing  the  requisite  operations  on  a  large  scale,  but  the 
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responsibility  of  adulteration  is  tlius  taken  off  tlie  slioulders  of  the  tens 
of  thousands  of  traders  by  wliom  the  public  is  immediately  supplied, 
and  is  confined  in  some  degree  to  the  comparatively  small  body  of 
manufactm-ers,  whose  proceedings  are  conducted  in  retirement-  and 
secrecy,  and  whose  premises  are  not  accessible  to  the  public. 

The  retail  trader,  however,  takes  in  many  cases  his  share  in  the 
work  of  adulteration ;  as  one  example,  we  may  mention  that  much  of 
the  adulteration  of  beer  and  spirits  is  perpetrated^  by  the  publican. 
Even  in  those  cases  in  which  the  retailer  does  not  himself  adulterate, 
he  often  purchases  of  adulterating  merchants  with  guilty  Imowledge ; 
thus,  in  many  cases,  he  is  aware  of  the  fact  that  the  article  he  pur- 
chases is  adulterated  from  the  price  paid  for  it  being  less  than  that  at 
Avhich  the  genuine  article  can  be  procm-ed.  In  such  cases  the  trades- 
man is  a  party  to  the  fraud,  and  is  as  guilty  as  the  actual  perpetrator  of 
the  a4ulteration. 

It  should  be  Imown  that  even  the  purchasing  of  articles  of  con- 
sumption in  the  raw  state  by  the  trader  affords  no  certain  guarantee 
for  the  genuineness  of  those  articles,  provided  they  are  afterwards 
sent  to  the  giinder  or  manufacturer  to  be  ground  or  manufatured. 
We  have  Imown  ti-adesmen  who,  wishing  to  protect  themselves  as 
far  as  possible  against  adulteration,  have  purchased  the  best  cocoa 
beans  and  chicory  nibs,  and  have  then  sent  them  to  the  grinder  to 
be  prepared,  but,  upon  being  retm-ned  to  them,  they  were  found  to 
be  adiilterated.  Messrs.  Ridgway  &  Co.,  of  King  William  Street, 
forwarded  to  the  author,  some  years  since,  some  flake  cocoa  for  ex- 
amination :  this  was  foimd  to  be  adulterated  with  wheat-flour. 
Messrs.  Ridg'way  then  stated  that  they  had  purchased  the  best  cocoa 
beans  they  could  procure,  and  sent  them  to  the  manufacturer  to  be 
made  into^«7ce  cocoa,  which  should  consist  of  nothing  but  cocoa. 
The  manufacturer,  in  this  case,  had  subtracted  some  of  the  cocoa, 
and  had  replaced  it  with  wheat-flour.  Since  this  occvu-red  Messrs. 
Ridgway  have  had  a  mill  erected  on  their  premises,  so  as  to  be 
enabled  to  make  theu*  own  flake  cocoa. 

Now  it  must  not  be  inferred  from  these  remarks  that  there  are 
not  many  honest  manufactm'ers  and  traders  connected  with  the  manu- 
facture and  sale  of  articles  of  consumption.  We  Imow  that  there  are 
many  such,  and  on  behalf  of  some  of  those  who  either  are  really 
g-uilty  of,  or  who  lend  themselves  to  adulteration,  the  excuses  may  be 
tu'ged  that  until  very  recently  the  legislature  has  been  indifferent 
to  this  subject,  and  did  not  protect  the  honest  trader,  and  that  in 
self-defence,  and  for  very  livelihood's  sake,  he  is  often  driven  to 
■adulterate. 

CLASSIFICATION  OI-  ADTTLTEEATION. 

Not  only  is  adulteration  prevalent,  but  the  articles  einployed  are 
very  mimerous — different  kinds  of  substances  being  used  for  different 
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purposes.  The  majority  of  suLstances  used  are  so  for  one  of  three 
purposes :  either  for  the  sake  of  bulk  or  iveujht,  the  articles  used  of 
coui'se  being  cheaper  than  tliose  to  which  they  are  added  ;  for  the  sake 
of  colour,  that  is,  to  heighten  and  improve  the  appearance  of  articles  as 
it  is  considered,  often  erroneously,  the  natural  colom-  of  such  articles 
heing  frequently  altered  and  reduced  by  dilution  with  other  adulter- 
ating substances  added  for  bulk  and  weight ;  or,  lastly,  to  increase 
the  pungency  of  articles  and  to  heighten  their  jirojyerties  ^oAjlavour. 

The  first  kind  of  adulteration  is  the  more  usual  form,  and  is  that 
by  which  the  practice  is  rendered  so  profitable ;  the  second,  that  which 
consists  in  the  addition  of  colouring  matters  of  Tarious  kinds,  is  often 
necessitated  \)j  the  first  kind,  so  that  these  two  descriptions  of  adul- 
teration frequently  go  together. 

An  example  of  the  first  Irind  of  adulteration  is  furmshed  by  the 
addition  of  roasted  corn  to  chicory  or  cofi'ee  powders,  and  of  water  to 
milk. 

Of  the  second,  in  the  addition  of  red  lead  to  ^cayenne,  Venetian  red, 
umber,  &c.,  to  chicory  and  cocoa ;  while  an  example  of  the  third  form 
of  adulteration  is  met  with  in  the  addition  of  alkalies,  as  also  the 
chromates  of  potash,  hellebore,  and  powdered  glass  to  snufi'. 

Now  it  is  iu  the  second  class,  viz.,  that  which  consists  in  the  em- 
ployment of  colom-ing  matters  of  various  kinds,  that  the  majority  of 
those  adulterations  are  included  which  are  prejudicial  to  health ;  this 
will  be  seen  more  clearly  hereafter. 

So  numerous  and  various  are  the  substances  employed  for  adulter- 
ation that  a  classification  of  them  according  to  the  article  iu  which 
thej^  are  encountered,  and  the  piu-pose  to  which  they  are  applied,  be- 
comes useful.    Such  a  classification  is  given  in  the  following  tables. 

The  annexed  table  contains  only  the  names  of  those  substances 
which  we  have  ourselves  ascertained,  by  original  observations  and 
analyses,  to  be  actually  employed  for  the  adulteration  of  articles  of 
food  ;  it  does  not  include  drugs. 
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Clussijied  List  of  the  various  Siihstances  ascertained  hy  Ourselves  to  he  Employed 
for  the  different  Purposes  of  Adulteration  :  viz.  for  Bulk  and  Weight,  for 
Colour,  or  for  Smell,  Taste,  and  other  Properties. 


For  Bulk  and  ATeiglit. 

For  Colour. 

For  Tafetc,  fmeU, 
and  other 
Properties. 

Ansatto. 

Eye,  Wheat,  and  Barley 
Floiira,  Turmeric,  Car- 
bonate and  Sulphate  of 
Lime,  Red  ferruginous 
Earths,  Eed  Lead,  Salt. 

Turmeric,  Eed  ferru- 
ginous Earths,  Salt, 
AUcaU. 

Sulphate  of  Cop- 
per. 

AnnownooT  . 

Sago,  Potato,  and  Tapioca 
Starches,  and  various 
mixtures  and  combina- 
tions of  these  with  the 
inferior  Arrowroots. 

AXCHOTIES 

Dutch,  French,  and  Sici- 
lian Fish. 

Bole  Armenian,  Vene- 
tian Eed. 

BUAICDY  . 

Water. 

Burnt  Sugar. 

Bread  . 

Mashed  Potatoes,  Bice, 
Beans,  Rye,  Indian 
Corn. 

Alum,  Hards  and 
StuEE. 

BUTTEH  . 

Water,  Foreign  Pat,  Curd, 
and  excess  of  Salt. 

Bottled 

PliUITS  AND 

Vebetables 

Salts  of  Copper,  usu- 
ally the  Acetate  or 
Sulphate. 

Salt. 

Cheese  . 
Coloured 

CONFECnON- 
ERT. 

East  India  Arrowroot, 
Wheat  and  Potato 
Flour,  Hydrated  Sul- 
phate of  Lime. 

A  nnatto,  Bole  Arme- 
nian, Venetian  Eed. 

Cochineal,  Lake,  In- 
digo, Prussian  Blue, 
Antwerp  Blue,  Ar- 
tificial Ultrama- 
rine, Carbonate  of 
Copper  or  Verditor, 
Carbonate  of  Lead, 
or  Wliite  Lead,  Eed 
Lend,  VermiUor. ; 
Chromates  of  Lead, 
Lemon,  Orange  and 
deep ;  Gamboge ; 
Sap  Green ;  the 
Uiree  Brunswick 
Greens,  Emerald 
Green  or  Arsenite 
of  Copper,  Indian 
Eed  ;  brown  fer- 
ruginous Earths, 
chiefly  Umber, 
Sienna,  and  Van- 
dyke IJrown,  and 
various  combina- 
tions of  the  above 
pigments. 

Sage,  Parsley. 

Artificial  Essen- 
ces, as  Acetate 
of  Ethyl,  Buty- 
rato  of  Amyl, 
Acetate  of 
Amyl,  Valeri- 
anate of  Amyl. 

842  GENERAL  SUMMARY  OF  ADULTEEATION. 


List  of  Substances  (^continued). 


For  Bulk  and  Weight. 

For  Colour. 

For  Taste,  Smell, 
and  other 
Properties. 

Cinnamon 

Cassia,  and  most  of  the 
articles  mentioned  wi- 
der Spices. 

Coffee  . 

Chicory,  Roasted  Wlieat, 
Bye  and  Potato  Flom-s, 
Roasted  Beans,  Mangel- 
wiu-zel,  Acorns. 

Jack,  Venetian  Red. 

CniconY . 

Roasted  Wlicat  and  Bye 
Flours,  Burnt  Beans  and 
Acorns,  Sawdust,  Ma- 
hogany Sawdust,  Car- 
rots, Mangel-wurzel. 

Ferruginous  Earths, 
as  Venetian  Red 
and  Umber,  Biurnt 
Sugar  or  Black 
Jack. 

Cocoa  and 
Chocolate. 

Maranta,  East  India,  and 
Tacca  or  Tahiti  Aitow- 
roots  ;  Tous  les  Mois  ; 
the  Flours  of  Wheat, 
Indian  Corn,  Sago,  Po- 
tato, and  Tapioca,  and 
various  Mixtures  of 
these  ;  Sugar,  Chicory, 
Cocoa  Husks. 

Venetian  Red,  Red 
Ochre,  and  other 
ferruginous  Earths. 

Cayenne  Pep- 

PEK. 

Ground  Bice,  Mustard 
Husk,  Salt. 

Red  Lead,  Vermilion 
or  Bisulphm-et  of 
Mercury,  Venetian 
Bed,  Turmeric. 

CnSTAllD  AND 

Egg  Pow- 

Wlieat,  Potato,  and  Bice 
Flours. 

Chrome  Yellow  or 
Chromate  of  Lead, 
Turmeric. 

Curhy  Pow- 
der. 

Ground  Bice,  Potato- 
farina,  Salt. 

Red  Lead. 

Salt. 

FLO0II  . 

Bice,  Beans,  Bye,  Indian 
Corn,  Potato  Flour. 

Alum. 

Ginger  . 

Wheat,  Sago,  and  Potato 
Mustard  Husks. 

Turmei'lc  Powder. 

Cayenne  Pepper. 

Gin 

Water,  Sugai-. 

■  •         •  • 

Cayenne,  Cassia 
or  Cinnamon. 
Sugar,  and  fla- 
vouring of  dit- 
fei-cnt  kinds. 
For  fining, 
Aliun,  Salt  of 
Tartar. 

Honey  . 

Cane  Sugar. 

Isinglass 

Gelatme. 
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For  Bulk  and  Weight. 

i;  or  colour* 

For  Taste,  Smell, 
Properties. 

Laud 

Potato  Flour  Water. 

Alum. 

Salt,  Carbonate 

OI  CKjCld.,  \_fclUo- 

tic  Lime. 

Lime  JriCES 

Water. 

Tmi/ifti-       "Rl/MTV  'P/^f^+^-» 

Starch,  boiled  Starch, 
probably  Rice,  Chalk, 
and  Gclatme. 

Malt  Beve- 

KAGES. 

Water,  Sugar,  Treacle. 

Burnt  Sugar,  Liquo- 
rice. 

Alum,  Sulphate 
of  Iron,  Salt. 

MUSTABD 

Wlieat  Flonr,  Turmeric, 
Cayenne  Pepper. 

Turmeric. 

Milk  . 

Water. 

Amiatto. 

Hamlaiade  . 

Pulp  of  Apple  or  Turnip. 

Oatmeal.  . 

Barley  Flour,  and  the  in- 
teguments  of  Bnrley 
called  Rubble. 

Pouter  asd 
Stolt. 

Water. 

Sugar,  Treacle. 

Sugar,  Treacle, 
Salt. 

Pickles  . 

Salts  of  Copper,  nsti- 
nlly  the  Acetate  of 
Copper. 

Potted  ]|([eats 
KSJ)  Fish. 

Flour,    probably  ^^1leat 
Flour,  boiled. 

Bole  Armenian,  and 
sometimes  Vene- 
tian Red. 

Piiesehves 

Inferior  and  cheaper  Fruit, 
Apple,  &c. 

Salts  of  Copper,  in- 
cluding the  Ace- 
tate, Fuchsine. 

Pepper  . 

Wheat  and  Pea  Flour, 
Ground  Rice,  Groimd 
Mustard  Seeds,  Linseed 
Meal,  P.  D.,  or  PeiDper- 
Dust,    Sand,  Woody 
Fibre. 

Sago 

Potato  Flour. 

Tinned  Vege- 

i  T>\ELES. 

Sulpliate  of  Copper. 

Rum 

Water. 

•  •                 •  « 

Cayenne,  Burnt 
Sugar. 

SUOAK  . 

Wheat  Floiir,  Potato  Flour, 
and  Tapioca  Starch. 
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List  of  Siihstajices  (^continued'). 


For  BuUc  and  Weight. 

For  Colour. 

For  Taste,  Smell, 
and  other 
Properties. 

Spices  : 
Cloves 

Powdered  Clove-stalks  in 
one  case. 

ClNNAMO:l . 

Cas.^ia, Wheat  Flour,  Sago 
JIe.il,  and  mixtures  of 
these  ;  East  India 
Arrowroot,  Potato 
Flour. 

PlJIENTO  . 

Mustard  Husk  in  one  in- 
stance. 

TVfTXKn  Spice  . 

Wheat,  Sago,  and  Potato 
Flours,  Ground  Rice, 
two  Vegetable  Sub- 
stances, one  of  which 
I'escmblcd  Linseed. 

Sauckh,  as  the 
Essences  of 
Anchovies, 
Lobstei-s, 
and  Shrimps, 
and  Tomato 
Sauce. 

Red  ferruginous 
Earths,  as  Bole  Ar- 
menian and  Vene- 
tian Red. 

Tea  . 

Exhausted  Tea  Leaves; 
Leaves,  other  than 
those  of  Tea,  British 
and  Foreign,  amongst 
the  former  those  of  Sy- 
camore, Horse-Chest- 
niit,  and  Plum ;  Lie 
Tea,  Paddy  Husk,  Sand, 
Quai-tz,Magnetic  Oxide 
of  Iron,  Starch. 

Plumbago  or  Black 
Lead,  Gum,  Indigo, 
Prussian  Blue,  Tur- 
meric, Chinese  Yel- 
low, China  Clay, 
Soap-stone  or 
French  Chalk,  Mica 
and  Sulphate  of 
Lime. 

Sulphate  of  Iron, 
Catechu,  Gum, 
La  Veno  Beno, 
CMnese  Botan- 
ical Powdei". 

TdEGAR 

Water. 

Burnt  Sugar. 

Sulphm-ic  and  Py- 
roligueous  Acid. 

Wine 

Extraneous  Spirit,  Water. 

Cane  Sugar,  Sul- 
phate of  Po- 
tash. 

Of  tlie  two  following  taMes  the  one  is  of  articles  ascertained 
to  be  iised  by  others ;  the  second,  of  articles  stated  to  be  employed 
by  different  writers,  but  of  the  use  of  which  no  positive  proof  is  given, 
although  there  is  no  doubt  but  that  most  of  them  either  have  been  or 
are  occasionally  employed. 
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List  of  Articles  ascertained  by  Others  to  he  used  for  the  Pia-jwse  of 
Adulteration. 


For  Bulk  and  Weight. 

For  Colour. 

For  Taste,  Smell, 
and  other 

Bottled 
Fruits  and 
Vegetables 

Decoctionof  Logwood, 
Beetroot,  and  Aui- 
UuG  Colouring. 

Bread  . 

Sulphate  of  Copper. 

Cheese  . 

Potatoes,  Beaus. 

Mangold  Flowers, 
Saftron,  Red  Car- 
rots. 

Sage,  Parsley. 

CaioonT . 

("bffeo  Flights. 

Hambro'  Powder. 

Flour  , 

Mineral  AVliite  or  Hy- 
d  rated     Sulphate  of 
Lime. 

Gin  . 

Grains  of  Para- 
dise, Sulphuric 
Acid,  various 
Gin  Flavoiu-- 
ings,  contain- 
ing Coriander 
Seeds,  Angelica 
Root,  Oil  of 
Almonds,  Cala- 
mus Root,  Al- 
mond Cake,  Or- 
ris Root,  Car- 
damom Soeds, 
Oi'aiige  Peel, 
Grey  and 
^yhito  Salts. 

Lard 

Mutton  Suet. 

Alum,  Potash. 

Malt  Beve- 

BAGES. 

.. 

Cocculuslndicus, 
Picric  Acid, 
Colchicum, 
Tobacco. 

Milk  and 

CllEAM. 

Flonr  or  Starch.  Boiled 
^\'hite  Carrots,  Treacle, 
Gum  and  Dextrin. 

MUCTARD 

Ginger,  Charlock,  Potato 
Flour,  Rice,  Clay,  Plas- 
ter of  Paris. 

Oatjie.u. 

Rico  and  Maize. 
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List  of  Substances  (^continued). 


For  Bulk  and  Weight. 

For  Colour. 

For  Taste.  Smell, 
and  other 
Properties. 

poutbii  akd 
Ale. 

« ■         ■  • 

Cocculuslndicns, 
Grains  of  Para- 
dise, Capsicum, 
Ginger,  Qiias- 
sia.Wormwood, 
Calamus  Root. 
Caraway  and 
CorianderSeeds, 
Ginger,  Orange 
Powder.Liquor- 
ice.  Honey,  Sul- 
phate of  Iron, 
SuliJhuric  Acid, 
Cream  of  T.ar- 
tar.  Alum,  Car- 
bonate of  Po- 
tash, Oyster 
Shells,  Harts- 
horn Shavings. 
Fabia  amara  or 
Nux  Vomica, 
Beans. 

Bum 

Cocculus  Indicus. 

Sugar  . 

Potato  Sugar,  G  um,  Dex- 
trin. 

Tea 

The  Leaves  of  Beech, 
Plane,  Bivstard  Plane, 
Elm,  Poplar,  Willow, 
Fancy  Oak,  Hawthorn, 
Sloe. 

Rose  Pink,  Dutch 
Pink,  Vegetable 
Bed  and  Yellow 
Dyes,  Chrome  Yel- 
low, Venetian  Red, 
Carbonate  of  Cop- 
per, Ai-senite  of 
Copper,  Chi'omate 
and  Bichromate  of 
Potash,  Carbonates 
of  Lime  and  Mag- 
nesia. 

• 

"Wish 

Jerupiga,  Ciilor,  mixtures 
o(  inferior  and  different 
Wines,  the  juice  of 
Khiibarh,  Ciooseberries, 
Apples,  and  Peai-s. 

Elderberry  Juice, 
Logwood,  Brazil 
AVood,  Bilberries, 
Burnt  Sugar,  Black 
Cherries.  Cochi- 
neal, Mallow  Flow- 
ers. 

Lead,  Bltartrato 
of  Potash,  Oak 
Sawdust,  Cate- 
chu, Cheny 
Laurel  Water. 
Carbonates  of 
Soda  and  Po- 
tash, Artifici"! 
Flavouring. 
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List  nf  Articles  stated  by  Others  to  he  employed  for  the  different  Purposes  of 
Adulteration,  hut  of  the  Use  of  ivhich  no  Positive  Evidence  has  heen  adduced, 
although  it  is  extremely  prohahle  that  many  of  them  have  heen,  or  are  occdsion- 
ally,  had  recourse  to. 


For  Bulk  and  Weight. 

For  Colom", 

For  Taste,  Smell, 
and  other 
Properties. 

AKKOWnOOT 

r-l-rnnTirl  T?if*p 

Anchovies  . 

Sprats,  Sardines,  Plaster 
of  Paris. 

Barley,  Oat,  Pea  Flour, 
Pipe  Clay,  Plaster  of 
Paris,  Bonedust,  Car- 
bonates oE  Lime,  Mag- 
nesia, and  Soda. 

COLOUltED 

COXFECTIOX- 
EliY. 

"WTiite  Potter's  Clay,  Pipe 
Clay,  or  Cornish  Clay  ; 
Chalk,  Sand. 

Cobalt,  Smalt.  Lit- 
mus, Naples  Yellow. 

Coffee  . 

Roasted  Peas,  Coffee 
Gromids,  Carrots,  Beet- 
root, Parsnip,  Baked 
Liver. 

Madder  Boot. 

CnicoiiT . 

Torrefied  Ground  Eice, 
Boasted  Biscuit,  Oak 
Bark  Tan,  Exhausted 
Tan,  called  Croats. 

Bp.ked  Horses'  Liver, 
Biu-nt  Blood. 

Cocoa  axd 

-  \jlX\J\^\JtL&.l.±., 

Old  Sea  Biscuits,  Coarse 
Branny  Flour,  Animal 
Fats,  as  TaUow,  Lard, 
Treacle,  Sulphate  of 
Lime,  Chalk. 

Bed  Lead,  Vermilion, 
Itccl  and  Yellow 
Ochre. 

FLoun 

Chalk,  Bone  Earth,  Plas- 
ter of  Paris,  Powdered 
Flints. 

Grs- . 

Acetate  of  Load, 
Oil  of  TuiTen- 
tuie. 

Honey  . 

Chalk,  Sulphate  of  Lime, 
and  Pipe  Clay. 

Lemon  and 
Lime  Jmciw. 

Tartaric  Acid, 
Hydrochloric 
and  Nitric  Acids 

LlTJICS 

Conunon  Arsenic 
and  Peroxide 
of  Mercury. 

1 
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List  of  SuhstaJices  (contimied). 


For  Bulk  and  Weight. 

For  Colour. 

t 

For  Tasto.  Smell,  j 
and  other  ' 
Properties.  ; 

Malt  Bkve- 

— z^.. — 

.. 

Gentian,  Chiretta,  ! 
Quiissia.Wonn-  ! 
wood,   Orange  \ 
Peel,     Camo-  ■ 
mile,  Opium. 

Pea  "Flour,  Linseed  Meal, 
Radish  Seeds. 

Chromate  of  Lead. 

; 

I 

Milk 

Sheep's  Brains,  G-um  Tra- 
gacanth,  -Milk  of  Al- 

XXI 1 J  vx^« 

Turmeric. 

n-rniiiifl  on  flalcp  Olav 

Earpberiiy 
Jelly. 

Currant  Jolly. 

Orris  Boot. 

Suoa:i  . 

Sand,  Plaster  of  Paris, 
Powdered  Marble, 
t'lialk,  Boncdust,  and 
Common  Salt. 

Sauces  . 

Chalk,  Plaster  o£  Paris. 

Red  Lead. 

VlNEQAn 

Acetic.  Hydro- 
chloi'ic,  Nitric, 
and  Tartaric 
Acids;  Cayenne, 
Long  Pcinier, 
Mustard  Seed, 
Salt. 

Anotlier  avran2;ement  or  classification  of  siiljstances  used  for  adul- 
teration is  into  tkose  that  are  not  injurious,  'but  the  use  of  which  is 
simply  fraudulent,  and  into  those  which  are  hurtful  to  health.  A  list 
of  all  the  substances  employed  for  adulteration,  which  are  more  or 
less  prejudicial  to  health,  will  be  given  hereafter. 


IMPORTA^TCE  OF  THE  SlUBJECT  OF  Al)TJLTEE.4.Tr01f. 

The  subject  of  adiilteration  is  undoubtedly  one  of  such  high  import- 
ance, that  it  may  fairly  engage  the  earnest  thoughts  of  the  Unaucier, 
the  sanitarian,  and  the  moralist. 

Tlie  financier,  because  it  involves  to  a  large  extent  considerations 
of  profit  and  loss  ;  profit  to  the  manufacturer  and  seller  of  adulterated 
4irticles,  and  loss  to  the  consumer  and  the  revenue.  _ 

The  sanitarian,  bscause  some  of  the  articles  employed  m  adiiltera- 
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tion  are  of  an  exceedingly  injurious  cliaracter,  and  calculated  to  affect 
materially  the  puUic  health. 

And  the  moralist,  since  the  practice  of  adulteration  involves  decep- 
tion, and  even  fraud. 

Adulteration  is  tlierefore  a  great  national  question,  closely  aifecting 
the  pocket  of  the  consumer,  the  revenue,  and  the  health  and  morals 
of  the  people.  We  shall  now  proceed  to  enlarge  upon  each  of  these 
heads. 

THE  PECtTNIART  BE.iKIXGS  OP  ADTJLTERATIOJf. 

The  pecuniary  bearings  of  the  suhject  of  adulteration  are  of  very- 
great  importance,  and  they  relate  to  the  consiuner,  the  manufactm'er, 
merchant  or  tradesman,  and  the  revenue. 

The  great  profit  of  adulteration  arises  from  the  sale  of  articles  so 
adulterated  as  to  he  greatly  inferior  in  value  to  genuine  couunodities, 
a  price  being  demanded  for  these  mixed  goods  yielding  a  larger  profit 
than  could  be  obtained  by  the  sale  of  unadulterated  goods  ;  in  fact, 
1  hey  lu-e  often  sold  at  the  rate  of  the  pm-e  articles.  This  increased 
pro  tit  to  the  seller  is  just  so  much  loss  to  the  consumer. 

So  gi-eat  is  the  loss  of  the  consumer  arising  out  of  the  practice  of 
iidulteratiou  that  it  is  questionable  whether  it  does  not  amount  in  most 
cases  to  more  than  the  siun  of  the  whole  of  his  taxes.  The  greatest 
losers  by  adulteration  are  the  humbler  classes,  the  labourer  and  the 
artisan,  who  are  compelled  to  purchase  the  articles  they  use  at  the 
cheapest  shops,  where  adulteration  prevails  to  the  greatest  extent. 
This  practice,  therefore,  presses  with  peculiar  hardship  upon  the 
labom-ing  portion  of  the  population. 

It  is  clear  that  the  sellers  of  adulterated  articles  of  consumption, 
be  they  manufactm-ers  or  retail  dealers,  are  in  a  position  to  enhance 
their  profits  by  the  pmctice  of  adulteration,  and  are  enabled  to  imder- 
sell,  and  too  often  to  ruin,  their  more  scrupulous  and  honest  compe- 
titors. 

The  question  of  the  adulteration  of  food  is  therefore  one  which 
vitally  affects  the  interests  of  the  more  honest  and  respectable  portion 
of  the  tradinp  community,  who  depend  upon  the  manufacture  and  sale 
of  articles  of  consumption,  and  it  behoves  them  strenuously  to  exert 
themselves  to  put  an  end  to  a  system  of  adulteration,  which  under- 
jnines  the  very  foundation  of  trade,  namely.  Faith  is  Oommerciai, 

IXTEGRITT. 

The  pecuniary  interests  of  the  State  in  the  question  of  adulteration 
Avill  become  apparent  when  we  remember  that  a  large  part  of  the  ■ 
revenue  is  derived  from  duties  on  articles  of  consumption.    The  more 
those  articles  are  adulterated,  the  more  is  the  revenue  defrauded. 

It  is  not  possible  to  estimate  with  certainty  the  precise  loss  to  the 
State  arising  out  of  adulteration ;  but  from  the  millions  of  money 
derived  from  duties  on  articles  of  consumption  amounting,  according^ 
to  the  author  of  the  '  Food  of  London,'  to  half  the  national  revenue* 
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and  from  the  extent  to  which,  adulteration  has  prevailed,  and  still 
prevails,  the  loss  must  amount  annually  to  an  enormous  sum  of  money. 

Mr.  P.  L.  Simmonds,  in  his  evidence  before  the  Parliamentary  Com- 
mittee in  1855,  handed  iu  some  calculations,  wherehy  he  made  the  loss- 
to  amount  in  the  year  1854  to  upwards  of  three  millions ;  but  this 
estimate  Ave  believe  to  have  been  too  low  at  the  date  at  which  the- 
calculations  were  made.  At  about  the  same  date  we  also  considered 
well  this  question,  and,  assigning  to  each  article  a  certain  percentage- 
of  adulteration,  based  upon  the  retm'us  for  the  year  1855,  and  of  many 
thousands  of  analyses,  we  arrived  at  the  conclusion  that  the  total  loss 
to  the  revenue  arising  out  of  adulteration  amounted  to  about  seven 
millions.  This  estimate  for  the  present  time  is  no  doubt  too  high  ;  but 
the  loss  may  still  be  calculated  at  millions,  if  we  include  tea,  cofiee, 
cocoa,  pepper,  malt,  malt  beverages,  hops,  spirits,  wine,  and  tobacco, 
which  are  the  main  heads  under  which  the  loss  is  sustained,  and  from 
which  the  revenue  is  derived. 

These  few  facts  are  sufficient  to  show  the  paramount  importance  of 
adulteration  to  the  national  exchequer. 

If  the  State  loses  so  much,  it  is  pretty  certain  that  the  public  suffers 
a  much  greater  loss. 

THE  S-UaiAKY  BEAEINGS  OF  ADTTLTERATIOIf. 

We  now  come  to  consider  the  question  of  adulteration  as  it  affects 
the  public  health.  No  doubt  can  possibly  be  entertained  on  this  sub- 
ject •,  no  one  who  examines  with  sufficient  care  the  facts  but  must 
acknowledge  that  the  subject  of  adulteration  is  of  the  highest  import- 
ance in  a  sanitary  point  of  view,  and  as  a  question  of  public  health. 

In  the  first  jilace,  the  adulteration  of  articles  yvith.  substances, 
although  harmless  in  tliemselves,  is  frequently  prejiulicial,  by  reducing 
and  wealcening  the  natural  properties  of  those  articles.  This  is  the 
case  when  roasted  corn  or  caiTOt  is  added  to  coffee,  and  water  to  milk : 
but  the  remark  applies  especially  to  medicines ;  for  in  this  case  to 
reduce  the  strength  of  a  medicine  by  adidteration  is  to  destroy  or 
modify  the  proper  action  of  that  medicine.  The  proper  doses  of  dif- 
ferent remedial  agents  have  been  determined,  in  most  cases,  by  careful 
observation  and  experiment ;  and  in  different  doses  the  same  medicine 
is  known  to  produce  very  different  effects.  To  adulterate  medicines, 
even  with  harmless  substances,  is  to  destroy  the  veiy  foimdatlou  of 
the  healing  art,  and  so  to  render  nugatory  the  wisest  and  best  directed 
efforts  of  the  physician. 

In  the  second  place,  adulteration  acts  prejudicially  to  the  public 
health  when  substances  are  employed  possessing  injurious  properties. 
Now  a  great  variety  of  such  substances  are  used  for  the  piupose  of 
adulteration.  We  have  ourselves  detected,  amongst  others,  the  follow- 
ing : — The  three  chromates  of  lead,  the  tln-ee  Brunswick  greens,  which 
are  mixtm-es  of  the  chromates  of  lead  and  indigo  or  Prussian  blue, 
led  oxide  of  lead  or  red  lead,  arseuite  of  copper,  sidphate  of  copper, 
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acetate  of  copper,  carbonate  of  copper  or  verditer,  carbonate  of  lead  or 
white  lead,  iSisulpliui'et  of  mercmy,  cinnabar  or  vermilion,  sulphate  of 
iron,  gamboge,  cayenne  in  spirits,  bronze  powders,  which  are  alloys  of 
copper  and  zinc,  sulphate  of  lime,  carbonate  of  lime,  red  ferruginous 
earths,  and  other  substances  more  or  less  injurious.  This  list,  it  will 
be  observed,  contains  the  names  of  some  of  the  most  virulent  poisons. 
Sometimes  the  quantities  of  these  substances  used  are  so  considerable 
that  immediate  ill  effects  are  produced :  thus,  as  has  abeady  been  stated, 
scarcely  a  year  passes  but  that  serious,  and  even  fatal,  accidents  arise 
out  of  the  practice  of  colouring  sagai-  confectionery  with  poisonous 
pigments.  More  frequently  the  effects  are  more  slowly  developed :  the 
substances,  although  taken  perhaps  in  but  minute  quantity,  gradually 
and  insidiously  deteriorate  the  health,  giving  rise  frequently,  amongst 
other  maladies,  to  various  forms  of  dyspepsia  or  indigestion :  sorue- 
times,  as  in  the  case  of  lead,  copper,  mercury,  and  arsenic,  they 
accmniilate  in  the  system  until  at  length  serious  consequences  are 
produced ;  thus  cases  of  paralysis  have  been  traced  in  the  clearest 
manner  to  the  use  of  snuff  adulterated  with  preparations  of  lead ; 
souie  of  these  cases  will  be  found  recorded  in  '  Food  and  its  Adidte- 
rations ; '  other  cases  of  lead  paralysis,  it  has  been  stated,  have  been 
produced  by  the  use  of  cayenne  adulterated  with  red  lead. 

The  subjoined  table  contains  not  only  the  names  of  the  substances 
used  in  adulteration  possessing  more  or  "less  injurious  properties,  but 
also  the  names  of  the  articles  in  which  they  have  been  discovered.  It 
will  be  perceived  that  the  number  of  such  substances  is  very  great. 

Now  with  evidence  such  as  the  above,  it  is  impossible  to  contend 
that  the  use  of  such  a  variety  of  injurious,  and  even  poisonous,  sub- 
stances is  unattended  with  danger,  and  that  adidteration  does  not 
affect  the  public  health.  It  may  so  happen,  and  it  has  doubtless  not 
imfrequently  occm-red,  that  the  same  person,  in  the  course  of  a 
single  day,  receives  into  his  stomach  several  of  the  articles  above 
eniuuerated.  Thus,  with  the  potted  meats  and  fish,  anchovies,  red 
sauces,  or  cayenne,  taken  at  breakfast,  he  would  consiune  more  or  less 
bole  Armenian,  Venetian  red,  r^l  lead,  or  even  bisidphuret  of  mercury. 
At  dinner,  with  his  cuiTy  or  cayenne,  he  would  rim  the  chances  of  a 
second  dose  of  lead  or  mercury;  Avith  the  pickles,  bottled  fruits  and 
vegetables,  he  woiud  be  nearly  sm-e  to  have  copper  administered  to 
him ;  while  if  he  partook  of  bonbons  at  dessert,  there  is  no  tellmo-what 
number  of  poisonous  pigments  he  might  consume.  Again,  in  his  tea, 
it  mixed  or  green,  he  woidd  certainly  not  escape  without  the  adminis- 
tration of  a  little  Prussian  blue,  and  it  might  be  worse  thino-s  :  if  he 
werea  snufl-taker,he  would  be  pretty  sure  to  be  putting  up  his  nostrils, 
from  time  to  time,  small  quantities  of  either  some  ferruginous  earth 
bichromate  of  potash,  chromate  of  lead,  or  red  lead :  finally,  if  he 
indulged  himself  with  a  glass  or  so  of  gi-og  before  going  to' bed,  he 
would  luciu-  the  risk  of  having  the  coats  of  his  stomach  irritated 
with  tincture  of  capsicum  or  essence  of  cayenne.    If  an  invalid 
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Injurious  Substances  actually  detected  in  adulterated  Articles  of  Consumption. 


Substances. 


Cocculiis  indicus. 

Arsenite  of  copper,  emerald  green 

or  Sclieele's  green. 
Sulphate  of  copper  or  blue  vitriol, 

and  acetate  of  copper  or  verdigris. 

Carbonate  of  copper  or  verditer. 
The  three  chromates  of  lead. 
Eed  oxide  of  lead. 

Red  ferruginous  earths,  as  Venetian 
red,  bole  Armenian,  red  and  yel- 
low ochres,  umber,  &c. 

Carbonate  of  lead. 

Plumbago  or  black  lead. 

Bisulphuret  of  mercury  or  cinnabar. 

Sulphate  of  iron. 

Cayenne. 

Gamboge. 

Chromates  of  potash. 

The  three  false  Brunswick  greens, 
being  mixtures  of  the  chromates 
of  lead  and  indigo,  or  Prussian 
blue. 

Oxychlorides  of  copper  or  true  Bruns- 
wick greens. 

Orpiment  or  sulphuret  of  arsenicum. 

Ferrocyanide  of  iron  or  Prussian 
blue. 

Antwerp  blue  or  Prussian  blue  and 

chalk. 
Indigo. 
Ultramarine. 
Artificial  ultramarine. 
ITydrated  sulphate  of  lime,  mineral 

white,  or  plaster  of  Paris. 
Alum. 
.,,Sulphuric  acid, 
fironze  powders  or  alloys  of  copper 

and  zinc. 


Articles. 


Beer,  rum. 

Coloured  sugar  confectionery. 

Pickles,  bottled  fruits  and  vegetable?, 
tinned  vegetables,  preserves,  dried 
and  crystallised  fruits,  bread. 

Coloured  sugar  confectionery  and 
tea. 

Custard  powdprs,  sugar  confection- 
ery, tea,  and  snuft'. 

Cayenne,  curry  powder,  sugar  con- 
fectionery. 

Red  sauces,  as  shrimp,  lobster,  an- 
chovy, and  tomato  sauces  ;  and  in 
potted  meats  and  fish,  cocoa,  chi- 
cory, coflFee,  anchovies,  annatto, 
cheese,  tea,  snuff,  &c. 

Sugar  confectionery. 

In  certain  black  and  lie  teas. 

Cayenne,  sugar  confectioner}'. 

Re-dried  tea,  and  in  beer. 

Gin,  rum,  ginger,  mustard. 

Sugar  confectionery. 

Tea  and  snuff. 

Sugar  confectionery. 


Ditto. 

Ditto. 
Ditto. 

Ditto. 

Ditto. 
Ditto. 
Ditto. 

Flour,  bread,  sugar  confectionery. 

Bread  and  flour. 
Vinegar,  gin. 
Sugar  confectionery. 
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liis  couditiou  -svoiilcnie  still  worse ;  for  then,  in  all  probaMlity,  lie  -woiilcl 
be  deprived  of  mucli  of  the  benefit  of  the  skill  of  his  physician  thi-oug-li 
the  dilution  and  sophistication  to  which  the  remedies  administered  for 
his  relief  were  subjected.  This  is  no  fanciful  or  exaggerated  picture, 
but  one  based  iipou  the  results  derived  from  the  analysis  of  different 
articles  as  fmniished  to  the  consmner. 

MORAL  BEAEIKGS  OP  ADTJITBEATION. 

The  third  and  last  aspect  in  which  adidteration  is  to  be  considered 
is  the  moral. 

It  is  impossible  for  a  man  to  be  guilty  of  adulteration  and  yet  be  an 
honest  man.  Can  it  even  be  said  of  the  adulterator,  be  he  a  manu- 
facturer or  a  roaster  and  grinder  of  chicory  and  coffee,  or  be  he  a  retail 
tradesman  who  sophisticates  the  goods  which  he  sells  and  mixes  them 
with  roasted  corn  or  beans,  Venetian  red,  &c.,  that  he  is  guilty  of  a 
less  offence  than  the  common  thief  ?  The  last  takes  but  our  j)roperty, 
while  the  former  not  only  robs  us  of  our  substance,  but  sometimes 
om'  health  as  well. 

But  adulteration  not  only  makes  those  who  practise  it  dishonest, 
but  other  very  serious  evils  often  ensue :  thus  it  begets  a  loss  of 
confidence  on  the  part  of  the  buyer  in  those  with  whom  he  deals. 
In  this  way  sometimes  not  only  does  the  honest  trader  come  to  be 
looked  upon  with  the  same  suspicion  as  the  adulterating  merchant  or 
tradesman,  but  the  status  of  the  whole  of  that  poi"tion  of  the  trading 
commuuity  engaged  in  the  sale  of  articles  of  consmuption  is  lowered, 
and  it  is  looked  upon  vtdth  misgiving  in  aU  its  transactions ;  lastly,  the 
character  of  the  whole  nation  for  integrity  in  its  dealings  suflers  in 
consequence  of  adulteration. 

There  is,  then,  scarcely  an  individual  whose  interests  are  not  deeply 
concerned  in  the  subject  of  adulteration.  The  interests  of  large 
public  institutions  of  all  Irinds  are  vitally  affected  by  adulteration,  as 
ova  hospitals  and  other  charitable  establishments,  workhouses,  barracks, 
shipping,  lunatic  asylmus,  public  schools,  and  similar  institutions. 
Many  of  these  establishments  are  supplied  by  conti-act  with  different 
articles  of  consumption,  as  millv,  tea,  sugar,  coffee,  cocoa,  arrowi'oot, 
oatmeal,  spices,  &c.  Now  it  often  happens  that  the  articles,  and  es- 
pecially milk,  oatmeal  and  arrowroot,  supplied  imder  these  contracts, 
are  adulterated,  and  this  is  frequently  to  be  explained  by  the  fact  that 
these  and  other  articles  are  sometimes  purchased  under  market  price, 
and  consequently  cannot  possibly  be  genuine. 

Taking  into  consideration,  therefore,  all  the  circmnstances  of  the 
case,  we  believe  it  to  be  ahnost  impossible  to  over-estimate  the  im- 
portance of  the  subject  of  adulteration,  viewed  either  as  a  question 
of  public  health,  of  pecuniary  loss  to  the  consumer  and  the  revenue, 
or  as  one  of  morality.  To  smn  up,  it  is  not  too  much  to  say  that  the 
question  of  adulteration  is  one  which  affects  the  health  of  thousands, 
and  even  the  lives  of  many ;  that  himdreds  of  thousands  of  pounds 
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ara  annually  lost  to  the  consumer  and  tlie  revenue  by  the  practice 
of  adulteration ;  _  and  that  by  its  prevalence  the  moral  status  of  the 
commercial  portion  of  the  community  of  this  country  is  lowered  in 
the  ej-es  of  the  world. 

THE  REMEDIES  EOE  ADULTERATIOIf. 

The  means  to  be  employed  for  the  suppression  of  adiilteration  are 
of  two  lands,  viz.,  those  which  are  used  for  the  discover;/  of  adultera- 
tion, and  those  for  its  jmmshment. 

There  are  two  principal  means  by  which  the  discovery  of  adultera- 
tion is  effected,  chemistry  and  the  microscope. 

Chemistry  has  been  long  employed  for  the  detection  of  adulteration, 
and  it  was  upon  this  means  of  investigation  that  the  earlier  observers 
almost  exclusively  relied. 

The  application  of  the  microscope  to  the  detection  of  adulteration 
is  comparatively  new,  and  dates  chiefly  from  the  period  at  which  the 
author's  paper  on  the  Adulteration  of  Coffee  was  communicated  to  the 
Botanical  Society  of  London,  that  is  from  August,  1850.i  This  is  cer- 
tainly the  most  practical  and  important  use  which  has  ever  been  made 
of  that  instrument ;  for  by  its  means  hundreds  of  adidterations  have 
been  discovered,  the  detection  of  -which  is  beyond  the  power  of 
cliemistry,  and  which  had  pre^dously  eluded  all  the  efforts  of  science. 
The  author  claims  to  have  been  the  first  to  employ  on  a  large  scale  the 
microscope  for  the  discovery  of  adulteration ;  on  this  point,  however, 
the  language  of  others  may  be  quoted. 

The  '  Lancet,'  in  reviewing  the  author's  work  on  the  Adulteration  of 
Food,  writes,  January,  1855:  'It  is  now  unnecessary  to  say  how  com- 
pletely Dr.  Hassall  dispelled  the  delusion  as  to  the  circumscription  of 
science,  and  how  he  demonstrated  that  the  microscope,  wielded  by  the 
skilful  naturalist  and  chemist,  was  able  to  um-avel  and  to  analyse  the 
component  structures  of  substances  that  bid  defiance  to  the  blow- 
pipe and  the  test-tube  alone.  Jt  is  the  gi-eat  and  original  merit  of  Dr. 
Hassall  to  have  applied  the  microscope  to  important  uses  in  enqmries 
of  this  nature,  and  to  have  shown  by  it  not  only  many  things  pre- 
viously considered  impossible  to  show,  but  many  things  not  pre- 
viously suspected  to  exist.' 

Thp  '  Quarterly  Review,'  in  an  article  on  the  same  subject,  remarks : 
'  It  is  in  the  application  of  the  microscope  that  consists  Dr.  Hassall's 
advantage  over  all  previous  investigatoi-s  in  the  same  field.  The 
precision  with  which  he  is  enabled  to  state  the  results  of  his  laboiu'S 
leaves  no  appeal.' — March,  1855. 

The  '  Dublin  Review '  obsei-ves :  '  The  secret  of  his  success  has 
been  that,  in  addition  to  chemical  analyses,  he  has  used  the  microscope 
in  his  enquiries ;  and  his  merit  not  only  consists  in  the  able  manner  in 
which  he  has  employed  the  instrument,  but  in  his  being  the  fii'st  to  use 
it  practically  and  to  such  an  extent  for  this  purpose. 

>  See  '  Times,'  August  5,  1850. 
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'  The  microscope,'  wi-ites  the  '  Times,'  ^  referring-  to  our  labours, 
*  seems  to  have  been  the  more  efiective  instrimient  in  the  work.  Less 
than  five  years  ago  it  vi^ould,  we  are  told,  have  been  impossible  to  detect 
the  presence  of  chicory  in  coffee.  In  fact,  the  opinion  of  three  distin- 
guished chemists  was  actually  quoted  in  the  House  of  Commons  to  that 
effect ;  whereas  by  the  use  of  the  microscope  the  differences  of  structm-e 
iu  these  two  substances  can  be  promptly  discerned.' 

Lastly,  the  following  remarks  from  the  pen  of  a  very  able  writer, 
Dr.  Eobert  Barnes,  may  be  quoted :  '  The  scientific  originality  of  Dr. 
Ilassall's  labours  in  laying  bare  the  health-destroying  and  fraudulent 
adulterations  of  food  and  drugs,  is,  if  possible,  still  more  meritorious ; 
and  it  would  be  difficult  to  over-estimate  the  public  hnportance  of  the 
results  obtained.  The  means  previously  relied  upon  to  check  these 
adulterations  were,  the  cimibrous  and  costly  machinery  of  the  Excise, 
and  the  subsidiary  aid  which  chemistry  could  afford.  The  officers  of 
the  Excise  were,  for  the  most  part,  driven  to  seek  for  evidence  by 
forcible  entry  and  the  seizure  of  articles  found  on  suspected  premises. 
When  the  art  of  the  chemist  failed,  science  was  practically  exhausted. 
So  late  as  1851,  the  then  Chancellor  of  the  Exchequer  was  able  to 
quote  in  the  House  of  Commons,  as  the  deliberate  opinion  of  three  of 
the  most  distinguished  chemists  of  the  day,  who  had  been  specially 
requested  to  report  upon  the  subject,  '  that  neither  by  chemistry  nor  by 
any  other  means  could  the  admixture  of  chicory  with  coffee  be  detected. 
How  completely  this  foregone  conclusion  has  been  exploded  by  the 
Labours  of  Dr.  tlassall,  as  Analyst  of  the  Sanitaiy  Commission  of  the 
"  Lancet,"  is  notorious.  There' is  now  nothing  in  science  more  certain 
and  precise  than  the  discrimination,  by  means  of  the  microscope,  of  the 
various  forms  of  vegetable  tissue,  no  matter  to  what  extent  they  may 
be  pidverised,  mixed,  or  even  roasted. 

'  The  interest  of  Dr.  Hassall's  researches  is  universal.  They  have 
benefited  the  public  revenue,  every  man  in  health  or  in  sickness,  and 
the  physician  who  trusts  in  the  properties  of  the  agents,  whether  me- 
dicinal or  dietetic,  which  he  prescribes  ;  and  Parliament  has  been  in- 
formed thi-ough  them  of  new  gTOunds  and  new  principles  of  legislation. 
The  great  importance  of  the  subject  of  the  adulteration  of  food,  drink, 
and  drugs  has  already  been  recognised  by  Parliament,  and  this  mainly 
through  the  labom's  of  Dr.  Hassall.' 

TTTR  APPLICATION  OP  THE  MICROSCOPE  TO  THE    DETECTIOIT  OP 

ABULTERATION. 

The  microscope  is  specially  suited  to  the  detection  of  organised 
structm-es  or  substances,  as  the  several  parts  of  animals  and  plants  ;  it 
is  with  the  latter  that  we  chiefly  have  had  to  do  in  the  course  of  the 
present  work. 

When  we  survey  with  om'  unaided  vision  any  animal  or  plant,  we 


1  July  24,  1855. 
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detect  a  varietj-  of  evicleuces  of  orgauisatiou  or  structure  but  there  is 
iu  every  part  of  every  animal  or  vegetable  production,  an  extra- 
ordinary amount  of  organisation,  wlioUy  invisible  to  the  unarmed 
sight,  and  which  is  revealed  only  to  the  powers  of  the  microscope. 
Now  this  minute  and  microscopical  organisation  is  difierent  in  dif- 
ferent parts  of  the  same  animal  or  plant,  and  different  in  different 
animals  and  plants,  so  that  by  means  of  these  differences,  rightly 
understood,  the  expei-ieuced  microscopical  observer  is  enabled  to 
identify  in  many  cases  infinite^  minute  portions  of  animal  or  vegetable 
tissues,  and  to  refer  them  to  the  parts  or  species  to  which  they 
belong. 

Thus,  by  means  of  the  microscope,  one  kind  of  root,  stem,  or  leaf 
may  generally  be  distinguished  from  another,  one  Idnd  of  starcli  or 
flour  from  another,  one  seed  from  another,  and  so  on.  In  this  way, 
the  microscope  becomes  an  invaluable  and  indispensable  aid  in  the 
discovery  of  adulteration. 

Applying  the  microscope  to  food,  it  appears  that  there  is  scarcely  a 
vegetable  article  of  consumption,  which  is  not  a  liquid,  which  may  not 
be  distinguished  by  means  of  that  instrument.  Further,  that  all  those 
adidteratious  of  these  articles  which  consist  in  the  addition  of  other 
vegetable  substances,  and  which  constitute  by  far  the  majoritj'  of  the 
adulterations  practised,  may  likewise  be  discovered  and  discriminated 
by  the  same  means. 

The  same  remarks  apply  to  all  the  vegetable  drugs,  whether  roots, 
barks,  seeds,  or  leaves.  We  are  not  acquainted  with  one  such  drug, 
which  may  not  be  thus  distinguished. 

The  seeds  even  belonging  to  different  species  of  the  same  genus 
may  frequently  be  distinguished  from  each  other  by  the  microscope, 
a  point  in  some  cases  of  very  great  importance.  A  remarkable  instance 
of  this  has  fallen  under  om*  observation.  The  seeds  of  the  different 
species  of  mustard,  rape,  &c.  may  all  be  distinguished  under  the  mi- 
croscope by  differences  in  their  organisation.  To  show  the  importance 
of  the  discrimination  in  some  cases,  the  following  instance  may  be 
cited.  Some  cattle  were  fed  with  rape  calce,  and  died  with  sjonptoms 
of  inflammation  of  tlie  stomach  and  bowels.  Nothing  of  a  poisonous 
nature  could  be  detected  on  analysis ;  but  it  was  suspected  that  the 
cake  might  be  adulterated  with  mustard  husk,  although  even  this  poiut 
coidd  not  be  clearly  established  by  chemical  research.  Under  these 
circumstances  the  calce  was  sent  to  the  author  for  examination, 
wlio  had  but  little  diflicvdty  in  ascertaining  that  it  was  adulterated 
with  mustard  seed,  which,  from  the  large  quantity  consmued,  was 
doubtless  the  cause  of  the  fatal  inflammation.  Not  only  can  the  seeds 
of  different  plants  of  the  same  genus  be  frequentlj'  discriminated  by 
the  microscope,  but  in  some  cases  those  belonging  even  to  mere  vaneties 
of  species. 

The  microscope  in  some  cases  can  even  inform  us  of  the  processes  or 
agents  to  which  certain  vegetable  substances  have  beeu  subjected. 
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Illusti-atious  of  this  are  aflbrded  by  the  starches  of  wheat  and  barley  ; 
it  can  be  determined  by  the  microscope  whether  these  are  rcno,  hah'cd, 
or  loiled,  or  whether  malted  or  unmcdted.  Illustrative  figm-es  ^vill  be- 
found  in  the  articles  on  BrjJAD  and  beer. 

Again  it  is  not  only  when  the  articles  are  in  a  separate  state  that 
they  can  be  thus  distinguished  ;  but  even  when  mixed  together  in 
difierent  proportions.  We  have  succeeded  in  detecting  in  certain 
vegetable  powders  no  less  than  nine  different  productions. 

So  great  and  manifest  are  the  differences  revealed  by  the  micro- 
scope in  various  vegetable  substances,  that,  with  ordinary  care  and 
some  amount  of  preliminary  knowledge,  the  discrimination  becomes  a 
matter  of  the  greatest  ease  and  the  most  absolute  certainty. 

This  will  appear  even  from  an  examination  of  the  numerous  figures- 
illustrative  of  the  microscopical  structm-e  of  different  articles  of  food, 
and  of  the  substances  employed  in  their  adulteration. 

Fm-ther,  wonderful  to  relate,  the  grinding  and  pulverisation,  and 
even  the  charring,  of  many  vegetable  substances,  does  not  so  destroy 
theii'  sti'uctm'e  as  to  render  their  identification  by  the  microscope  im- 
possible. Chicory  and  cofl'ee  may  be  thus  roasted  and  pulverised,  and 
yet  each  may  be  subsequently  identified  with  the  greatest  ease,  they 
being  in  fact  but  little  changed,  except  in  colour,  and  in  tlie  case  of 
cofi'ee  by  the  dispersion  of  the  droplets  of  oil  visible  in  the  cells  of  the 
tmi'oasted  berry. 

Again,  substances  may  be  discovered  by  means  of  the  microscope,, 
even  when  introduced  into  articles  for  the  purpose  of  adulteration  in 
extremely  minute  quantities.  The  case  of  some  mustard  forwarded  by 
a  manufacturer  to  the  '  Lancet '  some  time  since  furnished  a  remark- 
able illustration  in  point. 

The  mustard  was  stated  to  be  genuine  ;  but  on  examination  with 
the  microscope  it  was  foimd  to  contain  a  small  quantity  of  turmeric. 
The  manufacturer,  when  informed  of  the  fact,  very 'candidly  and 
properly  aclmowledged  that  this  was  the  case,  and  stated  that  he  had 
added  '  hi-o  ounces  of  turmeric  to  Jifty-six  jiounds  of  seeds,  not  for  the 
purpose  of  gain  or  adulteration,  but  simply  to  enliven  the  colour  and 
make  its  appearance  more  acceptable ; '  that  is,  the  quantity  of  turmeric- 
present,  and  discovered  by  the  microscope,  consisted  of  only  one  paH  in 
4-48  of  the  quantity  examined.^ 

The  last  illustration— and  a  very  striking  and  beautiful  one  it  is, 
although  not  immediately  connected  vrith.  the  subject  of  adulteration, 
— which  we  shall  adduce  in  order  to  show  the  extraordinary  character 
of  the  information  fiu-nished  in  some  cases  by  the  microscope,  is 
supplied  by  honey. 

Honey  is  the  saccharine  exudation  from  the  nectaries  of  flowers  r 
the  bees  in  collecting  it  carry  aAvay  some  of  the  pollen  of  the  flowers- 
visited  by  them.  Now  tins  pollen  consists  of  cells  or  vesicles,  diflering 


1  '  Food  and  its  Adulterations,'  p.  132. 
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in  size,  form,  and  structure,  according  to  the  plants  from  wliicli  it  is 
derived,  certain  plants  being  characterised  hy  pollen  gi-anules  of  a  cer- 
tain configuration  and  organisation.  By  the  pollen  present  in  honey, 
therefore,  the  scientific  microscopist  acquainted  with  the  character- 
istics of  the  pollen  of  different  plants  is  enabled  to  decide  in  many 
instances  upon  the  nature  of  the  plants  from  which  the  honey  has  been 
jirocm-ed,  and  whether  it  has  been  collected  from  the  flowers  of  the 
lield,  the  garden,  the  heath,  or  the  mountain.  (See  article  Ho>T!Y  for 
figures  in  illustration.) 

There  is  still  another  use  to  which  the  microscope  may  be  applied 
in  the  detection  of  adulteration  •,  it  may  frequently  be  made  to  serve 
as  an  auxiliary  to  chemical  researches  :  thus,  for  example,  when  we 
want  to  ascertain  whether  any  substance  contains  starch,  carbonates, 
phosphates,  &c.,  it  is  often  the  quickest  and  most  certain  way  to  apply 
the  reagents  to  a  small  qiiantity  of  the  substance  while  this  is  under 
the  field  of  vision  of  the  microscope. 

Ohemistrj'-  is  adapted  particidarly  for  the  detection  of  the  various 
chemical  substances  and  salts  used  for  adulteration:  the  microscope, 
on  the  other  hand,  as  has  been  already  stated,  is  specially  suited  to 
the  detection  of  all  organised  structures  and  substances,  whether  ani- 
mal or  vegetable.  Now  it  is  precisely  in  this  branch  of  investigation 
that  chemistiy  fails  to  afford  us  any  considerable  aid. 

Chemistry  can  tell  us  whether  starch  is  present  in  any  substance, 
but  it  is  very  sieldom  indeed  that  it  can  furnish  us,  as  the  microscope 
so  constantly  does,  with  the  name  of  the  plant  from  which  the  starch 
was  derived :  it  can  indeed  also  make  us  acquainted  with  the  fact 
that  woody  fibre  is  contained  in  any  particular  article,  but  it  cannot 
fm-nish  us  with  the  name  of  the  tree  or  plant  of  which  it  formed  a 
constituent. 

Another  great  advantage  of  the  microscope  over  chemistry  is  the 
greater  speed  with  which  results  may  be  arrived  at  Many  chemical 
■analyses  occupy  days,  while  most  microscopical  examinations  may  be 
made  by  the  practised  observer  in  the  course  of  a  few  minutes.  With 
the  author's  present  knowledge,  there  are  but  few  articles  of  which  he 
could  not  examine  readily  100  samples  per  week. 

Before  proceeding  to  the  examination  of  any  article  with  a  view 
to  discover  whether  it  is  adulterated  or  not,  it  is  necessary  to  ac- 
quaint om'selves  thoroughly  with  the  appearance  and  structure  of 
the  article  itself.  If  this  lie  in  the  state  of  powder,  as  the  different 
kinds  of  flour  and  ari'owi-oot,  nothing  more  is  necessarj'^  than  to 
p)lace  a  very  minute  portion  of  it  upon  the  glass  slide,  to  add  a 
drop  or  two  of  water,  difhising  the  powder  evenly  through  it  in  a 
layer  so  thin  that  the  light  easily  passes  through  it,  to  cover 
the  object  with  a  thin  glass  cover,  and  to  place  it  in  a  proper 
position  under  the  microscope  for  observation.  If  the  vegetable 
substance  be  a  solid  one,  as  a  root,  stem,  or  seed,  then  it  is  necessaiy 
to  make  some  thin  sections  of  it,  determining  the  structm-e  from 
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these.  Tliese  sections  are  loest  prepared  by  means  of  a  sliarp  and 
thin-backed  razor :  of  these  sections  some  should  be  longitudinal, 
others  tivansverse,  and  others  should  embrace  the  siu-faces  of  the 
object,  both  external  and  internal,  where  the  latter  exists.  The 
examination  is  facilitated  in  some  cases  by  tearing-  some  of  the  sections 
in  pieces  ^dth  needles  and  also  by  examining  them  in  glycerine  in. 
place  of  water,  this  rendering  the  structure  more  distinct.  Lastly, 
where  the  ai-ticle  is  one  employed  in  the  form  of  powder,  it  is  necessary 
to  prepare  some  of  the  genuine  powder,  and  to  make  om'selves  familiar 
yvith  its  structiu'al  characteristics. 

Having  progressed  thus  far  in  the  examination  of  the  article,  we 
are  in  a  position  to  scrutinise  samples  of  it,  with  a  view  to  the 
detection  of  adulteration.  Ejiowing  well  the  sti-uctures  which  are 
met  with  in  the  genuine  article,  we  shall  experience  but  little  difficulty 
in  deteiminiag  whether  the  sample  contains  any  foreign  or  extraneous 
vegetable  substance,  or  consists  entirely  of  the  one  article. 

Having  determined  that  it  does  contain  such  foreign  substance, 
the  next  thing  is  to  endeavom*  to  ascertain  the  nature  of  this,  and 
to  refer  it  to  the  plant  or  substance  to  which  it  belongs.  The 
facility  with  which  this  is  done  depends  upon  the  extent  of  our 
acquaintance  with  other  vegetable  substances.  If  this  be  consider- 
able, a  glance  is  often  sufficient  to  determine  this  point. 

However,  it  is  not  requisite  in  all  cases  that  we  should  possess 
a  knowledge  of  the  structure  and  appearances  presented  by  any 
very  great  number  of  vegetable  productions,  since  a  few  articles  are 
constantly  employed  for  adulteration  in  the  case  of  very  many  and 
widely  different  articles,  such  as  wheat  flom*,  potato  starch,  sago 
powder,  rice,  »fec. ;  and  all  that  is  necessary  in  such  cases  is  that 
we  should  be  able  to  recognise  these  substances  when  we  meet  with, 
them. 

Most  vegetable  substances  are  made  up  of  certain  structures  and 
elements,  as  cellular  tissue,  woodj'^  fibre,  vessels,  starch  gxanules,  &c. 
In  leaves  we  have  stomata  and  often  hair-like  appendages,  and  in  seeds 
there  are  two  or  more  membranes.  In  endeavom*iug  to  discriminate 
between  different  vegetable  substances,  we  must  examine  and  com- 
pare most  carefully  these  several  tissues  and  structures,  the  one  with 
the  other.  We  must  compare,  both  size  and  structure,  the  cellular 
tissue  of  one  vegetable  substance  -with  that  of  another,  and  the  same 
with  the  woody  fibre,  the  vessels,  the  starch,  &c. 

Before  proceeding  to  determine  the  minute  structiu-e  of  any  vege- 
table substance  by  means  of  the  microscope,  we  would  strongly  re- 
commend' the  observer  to  study  some  work  on  Structural  Botany, 
and  thus  to  become  acquainted  with  the  characteristics  of  the  principal 
ti.ssues  and  elements  which  enter  into  the  organisation  of  the  several 
component  parts  of  vegetables.  He  should  acquaint  himself  with  the 
characters  and  structm-e  of  cellular  tissue,  woody  fibre,  vascular  tissue, 
sclerous  tissue,  of  starch  gi-anules,  with  the  general  structure  of  root* 
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and  stems,  leaves,  flowers,  iucluding  the  pollen,  and  particularly  witli 
seeds.  He  -will  iind  a  little  preliminary  study  of  regetable  anatomy 
facilitate  greatly  his  subsequent  and  more  special  enquiries. 

With  a  Adew  to  discover  whether  adulteration  is  practised  upon  any 
article,  and  the  extent  to  which  it  is  sophisticated,  or  whether  adul- 
teration prevails  extensively  in  any  town  or  locality,  it  is  necessary 
that  a  considerable  number  of  samples  should  be  obtained  and  exa- 
mined ;  that  these  should  be  procm-ed  without  the  knowledge  of  the 
vendor,  and  that  the  purchases  should  be  made  wdth  such  precautions, 
as  to  preclude  tlie  possibility  of  mistake ;  aud  also  to  allow  of  the 
verification  of  the  samples  to  the  satisfaction  of  a  com-t  of  law. 

In  conducting  the  enquiries  relative  to  adulteration,  which  were 
published  for  so  many  years  in  the  '  Lancet,'  under  the  title  of  '  The 
Analytical  Sanitary  Commission,'  the  following  method  was  pur- 
sued : — 

The  purchases  were  made  in  the  presence  of  witnesses,  the  author 
himself — for  greater  security,  and  knowing  well  the  fearful  responsi- 
bility which  rested  upon  him — accompanying  the  purchasers  on  all 
occasions.  Immediately  that  any  article  was  thus  obtained,  the  names 
of  the  sellers  and  of  the  buyers  were  placed  upon  it,  the  date  of  the 
purchase,  and  the  price  paid  for  it.  Subsequently  each  sample  was 
subjected  to  careful  microscopical  aud  chemical  examination,  the  results- 
of  the  analysis  being  written  on  the  package  and  subsequentlj-  published 
from  time  to  time  iu  the  '  Lancet,'  togetlier  -with  the  names  and  ad- 
dresses of  the  merchants  or  traders  from  whom  the  purchases  were 
made. 

The  publication  of  tlie  several  reports,  which  for  a  long  time 
came  out  almost  weeldy,  extended  over  a  period  of  several  yeai's,  aud 
although  the  names  of  between  two  and  three  thousand  traders  were 
thus  made  known,  in  one  case  only  were  auy  legal  proceedings  re- 
sorted to,  and  even  in  this  single  instance  the  action  Avas  abandoned 
at  an  early  date,  without  any  aclmowledgment  being  made  of  error 
having  been  committed. 

We  are  disposed  to  rely  more  upon  the  regular  publication  of 
the  names  and  addresses  of  those  whose  goods  haA'e  been  analysed 
for  the  suppression  of  adulteration  than  upon  any  other  means,  in 
consequence  of  the  excellent  effects  which  haA^e  undoubtedly  resulted 
from  their  publication  in  the  '  Lancet.'  So  great  has  been  the  eflect 
of  this  publication,  combined  Avith  the  greater  facilities  which  doaa- 
exist  for  the  detection  of  adulteration,  and  the  disclosures  made  be- 
fore Parliamentary  Comniittees,  that  we  are  of  opinion  that  not  one- 
twentieth  part  of  the  adulteration  now  prevails,  iu  the  metropolis 
at  least,  as  at  the  time  wlien  the  reports  of  '  The  Analytical  Sanitary 
Commission '  first  appeared.  In  some  articles  the  improvement  is 
manifest  to  the  eye  alone,  as  in  the  red  sauces,  pickles,  bottled  fruits- 
and  vegetables,  and  coloured  sugar  confectionery. 
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The  foUoAviug  remarks,  in  reference  to  the  publication  of  the  names 
of  traders  in  the  '  Lancet,'  and  the  effect  produced  by  the  microscope, 
appeared  in  the  '  Quarterly  Re-view '  for  March,  1855,  in  a  notice  of  tl^e 
author's  -work,  entitled  '  Food  and  its  Adulterations.' 

'  A  p'tin  suddenly  fired  into  a  rookery  could  not  cause  a  greater 
commotion  than  did  this  publication  of  the  names  of  dishonest  trades- 
men ;  nor  does  the  daylight,  when  you  lift  a  stone,  startle  ugly  and 
loathsome  things  more  quickly  than  the  pencil  of  light,  streaming 
through  a  quarter-inch  lens,  surprised  in  their  natiA'e  ugliness  the 
thousand  and  one  illegal  substances  which  enter  more  or  less  into  every 
description  of  food  which  it  will  pay  to  adulterate.  Nay,  to  such  "a 
pitch  of  refinement  has  the  art  of  fabrication  of  alimentary  substances 
reached,  that  the  very  articles  used  to  adulterate  are  themselves  adul- 
terated ;  and  while  one  tradesman  is  picking  the  pockets  of  his  cus- 
tomers, a  still  more  cunning  rogue  is,  unknown  to  himself,  deep  in 
his  own.' 

To  summarise  the  preceding  remarks,  therefore,  we  would  observe 
that  for  the  discovery  of  adulteration  we  must  have  recourse  to  both 
chemistry  and  the  microscope,  and  must  examine  a  sufBcieut  number 
of  samples  obtained  by  malciug  pm-chases  at  shops  in  the  ordinary 
way ;  but  for  its  prevention  when  discovered  recom-se  must  be  hail 
to  the  pimishment  of  the  offenders. 

Sale  of  Food  and  Dings  Act. 

Xo  punishment  can  be  more  effectual  than  the  publication  of  the 
names  and  addresses  of  the  adulterating  tradesmen  or  merchants;  but 
we  must  also  put  in  operation  the  means  which  the  legislature  has 
now  placed  at  our  disposal  for  the  suppression  of  adulteration.  No 
less  than  three  Acts  have  been  passed  dealing  with  the  question  of 
the  adulteration  of  food  and  drugs.  The  first  of  these,  'An  Act  for 
Preventing  the  Adulteration  of  Articles  of  Food  or  Drink,'  came  into 
operation  in  1860,  and  was  the  result  of  a  Parliamentary  enquii-y 
under  the  chairmanship  of  the  late  Mr.  Scholefield,  in  1855.  This 
was  a  very  inefficient  measure,  and  was  found  to  be  quite  use- 
less; we  do  not  remember  to  have  ever  heard  of  a  prosecution 
under  it. 

The  second  Act,  entitled  '  An  Act  to  Amend  the  Law  for  the  Pre- 
vention of  Adulteration  of  Food  and  Drink  and  of  Drugs,'  was  passed 
in  1872.  This  was  also  a  very  inefficient  Act,  but  one  which,  owino- 
mainly  to  the  interpretation  put  upon  one  of  its  clauses  by  the  judges' 
who  laid  down  the  sound  rule  that  the  seller  of  an  article  ought  to 
have  a  knowledge  of  its  composition,  and  should  know  whether  it 
was  pure  or  adulterated,  yet  exerted  a  very  beneficial  effect.  Under 
it  many  prosecutions  and  convictions  took  place,  so  that  manufacturers 
and  traders,  finding  that  it  really,  in  some  cases  at  all  events,  reached 
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tliem,  g-rew  very  wroth,  and  banded  themselves  together  in  order  to 
get  the  Act  repealed.  In  this  endeavour  they  have  been  but  too 
successful.  They  obtained  the  appointment  of  another  Parliamentary 
Committee,  before  whom  a  very  one-sided  enquiry  took  place,  which 
has  resulted  in  the  passing  of  '  The  Sale  of  Food  and  Drugs  Act,' 
being  'An  Act  to  Repeal  the  Adulteration  of  Food  Acts,  and  to 
make  better  provision  for  the  Sale  of  Food  and  Drugs  in  a  Pure 
State.' 

The  Act  in  question  will  be  found  pi-inted  at  the  end  of  the  volume^ 
aud  we  will  now  proceed  to  criticise  its  provisions. 

Clause  3  provides  that  '  No  person  shall  mix,  colour,  stain,  or 
powder,  or  order  or  permit  any  other  person  to  mix,  colom*,  stain  or 
powder  any  article  of  food  with  any  ingredient  or  material  so  as  to 
render  the  article  injurious  to  health,  with  intent  that  the  same  may 
be  sold  in  that  state ;  and  no  person  shall  sell  any  such  article  so 
mixed,  coloured,  stained  or  powdered,  under  a  penalty  in  each  case  not 
exceeding  iifty  pounds  for  the  first  offence ;  every  offence  after  a  con- 
viction for  a  first  offence  shall  be  a  misdemeanour,  for  which  the 
person  on  conviction  shall  be  imprisoned  for  a  period  not  exceeding 
six  months  with  hard  labour.' 

Here  is  a  clause  in  which  lawj-ers  will  delight,  as  it  will  be  the 
■fruitful  cause  of  future  litigation.  There  is  no  attempt  made  to  define 
what  constitutes  injurious  admixture.  Everybody  must  foiin  their  own 
conclusions  on  the'  matter  as  best  they  may.  These  will  often  be 
erroneous,  mistaken  prosecutions  mil  frequently  be  instituted  at  great 
cost  aud  labour,  and  to  the  bitter  disappointment  of  those  concerned 
in  them.  It  would  have  been  quite  easy  to  define  what  really  consti- 
tutes injurious  admixture.  Will  the  coloration  of  green  tea,  or  the 
presence  of  alum  in  bread,  or  the  admixtiu-e  of  water  with  milk  be 
deemed  admixtures  injurious  to  health  under  this  clause?  That  the 
first  adulteration— we  "beg  pardon,  the  obnoxious  word  is  foreign  to 
this  Act  aud  does  not  once  occur  in  it — that  the  fii-st  practice  is  in 
some  cases  inim-ious  is  unquestionable,  and  that  the  two  latter  are  so, 
the  one  directly  aud  the  other  indirectly,  by  depriving  the  article  of 
its  full  nutritious  properties,  is  equally  certain,  but  these  are  just  cases 
in  which  the  opinions  of  even  scientific  men  will  be  foimd  to  differ, 
and  doubtless  those  of  om-  magistrates  and  judges  also.  For  our- 
selves, we  should  be  very  sorry  to  incur  the  responsibility  of  advising 
prosecutions  imder  this  clause  in  the  cases  named. 

By  clause  5  it  is  '  Provided,  that  no  person  shall  be  liable  to  be- 
convicted  imder  either  of  the  two  last  foregoing  sections  of  this  Act, 
in  respect  to  the  sale  of  any  article  of  food  or  of  any  dnij^  J  if  lip 
shows  to  the  satisfaction  of  the  Justice  or  Oom-t  before  whom  he  is 
charo-ed  that  he  did  not  Imow  of  the  article  of  food  or  drug  sold  by 
him  being  so  mixed,  coloiu-ed,  stained  or  powdered,  as  in  either  of 
those  sections  mentioned,  and  that  he  coidd  not  with  reasonable  dili- 
gence have  obtained  that  knowledge.' 
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By  this  clause,  the  principle  laid  down  by  our  Judges  in  the  cases 
brought  before  them  under  the  Adulteration  Act  of  1872,  that  the 
vendor  of  any  known  and  recognised  article  of  food  should  be  held 
to  haye  a  knowledge  of  its  natm-e  and  composition  is  abolished, 
and  the  prosecutor  must  prove  that  the  vendor  actually  knew  at  the 
time  of  the  sale  that  the  article  was  treated  in  one  or  other  of  the 
ways  described  in  clause  3,  or  that  he  could  with  reasonable  diligence 
have  obtained  that  knowledge. 

Again,  who  is  to  be  the  judge  of  what  constitutes  '  reasonable- 
diligence  ?  '  Here  again  is  one  of  those  uncertain  phrases  in  which, 
lawyers  delight,  and  which  are  the  fi'uitful  parents  of  endless  legal 
proceedings. 

By  clause  6  it  is  enacted  that '  No  person  shall  sell  to  the  prejudice- 
of  the  piu-chaser  any  article  of  food  or  any  drug  which  is  not  of  the 
nature,  siibstance  and  quality  of  the  article  demanded  by  such  piu'— 
chaser,  under  a  penalty  not  exceeding  twenty  pounds.  Provided  that  an 
offence  shall  not  be  deemed  to  be  committed  under  this  section  in  the 
following  cases.' 

Mark  particularly  the  words  '  to  the  prejudice  of  the  piu'chaser.' 
It  would  appear  that  by  this  clause  articles  may  be  sold  not  of  the 
substance,  natm-e  and  quality  of  the  ai-ticle  demanded  by  the  pm-- 
chaser,  provided  the  seller  can  prove  that  the  pm-chaser  is  not  preju- 
diced thereby,  so  that  it  would  appear  possible  that  under  this  clause 
mixed  mustard,  coflee,  or  cocoa  might  be  sold  with  impunity  and 
without  any  aclmowledgment  of  its  being  a  mixtm-e,  if  the  seller 
could  prove  that  the  pm-chaser  was  not  injured  in  pocket  or  in  health, 
by  being  supplied  with  the  mixed  article.  Here,  again,  is  another 
doubt.  Who  is  to  determine  what  wiU  be  held  by  our  tribunals  to  be 
to  the  prejudice  of  the  pm-chaser  ? 

The  exceptional  cases  refen-ed  to  are : — 

1,  'Where  any  matter  or  ingi-edient  not  injurious  to  health  has- 
been  added  to  the  food  or  drug,  because  the  same  is  required  for  the- 
production  or  preparation  thereof,  as  an  article  of  commerce  in  a  state 
fit  for  carriage  or  consiunption,  and  not  fraudulently  to  increase  the 
bulk,  weight  or  measure  of  the  food  or  drug-,  or  conceal  the  inferior 
quality  thereof.' 

This  exception,  too,  wiU  make  more  work  for  the  la-nrj'ers.  Who. 
is  to  determine  what  is  required  for  the  production  or  preparation  of" 
an  article  of  commerce,  in  a  state  f  t  for  carriage  or  consumption  ?• 
The  manufacUu-ers  of  cocoa  and  mustard  assert  that  sugar  and  starch 
in  the  one  case,  and  wheat  flom-  and  tm-meric  in  the  other,  constitute- 

freat  improvements,  and  are  not  added  fraudulently  to  increase  the 
iilk,  weight  or  measure.    What  wiU  be  the  decision  of  om-  judges  in: 
such  cases,  who  can  teU  ? 

4.  '^\^lere  the  food  or  drug  is  unavoidably  mixed  with  some^ 
extraneous  matter  in  the  process  of  collection  or  preparation.' 

More  doubts  and  difficulties.  Who  is  to  determine  what  constitutes; 
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unavoidable  admixture  ? '  Will  the  earthy  matter  found  in  such  large 
quantities  in  pepper  and  tea  he  deemed  an  unavoidable  admixtm'e  or  not 
Tliat  they  will  be  held  to  be  so  by  the  dealers  in  those  articles  is 
unquestionable,  and  it  will  not  be  an  easy  matter  to  disprove  their 
allegation,  although  the  fact  really  is  that  such  admixture  of  dii-t 
may,  with  proper  care  and  precautions  in  the  collection  and  prepai-ation 
of  these  articles,  be  completely  avoided.  _  Carefully-prepared  tea  and 
pepper  do  not  contain  any  extraneous  mineral  matter  wliatever,  or  at 
all  events  an  infinitesimal  amount.  This  exemption  offers  a  premium 
to  dirt  and  uucleanliuess,  and  imder  it  certain  lands  of  adulteration  will 
grow  up  and  increase.  Who  is  to  distinguish  whether  the  dirt  found 
in  the  pepper  and  the  tea  has  been  purposely  added,  or  is  due  to  the 
exposure  of  the  pepper  ben-ies  and  the  tea  leaves  to  dust  and  wind  ? 

Again,  under  this  clause,  is  the  presence  of  copper  in  preserves  and 
jams  to  be  deemed  an  exception  ?  The  maniifactm-ers  will  urge  that 
they  cannot  prepare  these  articles  in  copper  pans  without  their  be- 
coming more  or  less  contaminated  with  copper.  This  is  to  some 
extent"  true,  but  the  amount  of  contamination  depends  very  much 
upon  the  care  and  sldll  with  which  the  articles  are  made.  But  the 
consmuer  might  maintain,  on  the  other  side,  that  vessels  other  than 
those  made  of  copper  should  be  employed  in  the  preservation  of  such 
articles. 

By  clause  7  '  No  person  shall  sell  any  compounded  article  of  food 
or  compounded  drug',  which  is  not  composed  of  ingredients  in  ac- 
cordance with  the  demand  of  the  purchaser,  under  a  penalty  not 
exceeding  twenty  pounds.' 

This  clause  applies  more  particularly  to  the  compounding  _  of 
medicines,  and  it  appears  to  have  but  little  importance  in  relation 
to  articles  of  food. 

By  clause  8  it  is  enacted  '  That  no  person  shall  be  guilty  of  any 
,such  offence  as  aforesaid  in  respect  of  the  sale  of  an  article  of  food  or 
a  drug  mixed  with  any  matter  or  ingredient  not  injurious  to  health 
and  not  intended  fraudulently  to  increase  its  bullc,  weight,  or  measure, 
or  conceal  its  inferior  quality,  if  at  the  time  of  delivering  such  article 
■or  dru"-  he  shall  supply  to  the  person  receiving  the  same  a  notice^  by 
a  labef  distinctly  and  legibly  written  or  printed  on  or  with  the  article 
■^or  drug  to  the  effect  that  the  same  is  mixed.' 

This  clause  is  full  of  uncertainties.  Can  there  be  a  reasonable 
■  doubt  or  question  but  that  the  large  quantities  of  wheat  flour  met  with 
in  mustard  and  of  sugar  and  starch  in  cocoa,  and  oftentimes  of  chicory 
in  coffee,  are  added  to  augment  the  profit,  and  that  the  turmeric^  is 
.sometimes  employed  to  conceal  the  inferior  quality  of  the  mustard?  Yet 
will  it  not  be  contended,  and  we  fear  successfidly,  that  these  additions 
fire  made  in  accordance  with  the  usages  of  trade  and  in  obedience  to 
the  demands  of  the  public,  so  that  under  this  clause,  provided  only 
n  notice  of  its  being  a  mixtiu-e  be  given,  mustard,  cocoa,  and  coffee 
will  be  sold  as  heretofore  containing  but  very  little  of  any  of  the 
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substances  under  the  names  of  which  they  are  supplied  to  the  public  ? 
These  mixed  articles  will  still  be  sold  as  mustard,  cocoa,  and  coftee 
respectively.  Then  again,  what  protection  does  the  notice  or  label 
aiFord  to  those  who  cannot  read  ?  that  is  to  say,  to  many  of  the  poor, 
who  are  the  chief  suflerers  by  the  admixtm-e  and  debasement  of  articles 
of  consumption  by  the  addition  of  inferior  and  comparatively  valueless 
substances.  Even  when  the  purchaser  can  read,  he  will  often  fail 
to  see,  in  the  hurry  of  the  pm'chase,  whether  the  package  bears  the 
label  or  not,  and  if  he  does  look  for  it  he  will  frequently  not  find 
it,  because  it  is  concealed  in  some  fold  of  the  paper  in  which  the 
article  is  enclosed. 

Clause  9  provides  that '  No  person  shall,  with  the  intent  that  the 
same  may  be  sold  in  its  altered  state  without  notice,  abstract  from 
an  article  of  food  any  part  of  it,  so  as  to  elFect  injuriously  its  qiiality, 
substance  or  natm-e,  and  no  person  shall  sell  any  article  so  altered 
without  making  disclosiu'e  of  the  alteration  under  a  penalty  in  each 
case  not  exceeding  twenty  pounds.' 

This  clause  is  evidently  framed  with  a  view  to  meet  the  cases  of 
the  absti-action  of  the  fatty  matters  from  milk  and  cocoa,  the  Bill 
of  1872  not  containing  any  provision  for  such  cases. 

This  clause,  which  we  were  disposed  to  regard  as  one  of  considerable 
value,  has  ah'eady  been  riendered  inoperative.  In  a  case  recently  tried 
before  one  of  our  Metropolitan  Magistrates,  for  the  abstraction  of  a 
portion  of  the  cream  from  millr,  the  defence  set  up  was  that  the  milk 
sold  was  poor  in  cream  in  consequence  of  the  richer  portions  taken  from 
the  same  pan  having  been  previously  sold,  the  fatty  matter  of  course, 
in  obedience  to  the  law  of  gravity,  having  in  part  gradually  risen  to 
the  surface.  This  defence  was  allowed  to  prevail,  the  prosecutor  having 
to  pay  the  costs. 

The  Act  contains  in  addition  special  clauses  relating  to  tea.  One 
of  these,  clause  30,  enacts  that  all  tea  imported  into  Great  Britain 
or  Ireland  shall  be  subject  to  examination  by  persons  to  be  appointed 
by  the  Commissioners  of  Customs  with  the  approval  of  the  Treasm-y, 
and  if  upon  such  examination  the  sample  should  '  be  found  to  be  mixed 
with  other  substances  or  exhausted  tea,  the  same  shall  not  be  delivered 
unless  with  the  sanction  of  the  said  Commissioners  and  on  such  terms 
and  conditions  as  they  shall  see  fit  to  direct,  either  for  home  con- 
sumption, or  for  use  as  ships'  stores,  or  for  exportation.  But  if  on. 
such  inspection  and  analysis  it  shall  appear  that  such  tea  is  in  the 
opinion  of  the  analyst  unfit  for  hmuan  food,  the  same  shall  be  for- 
feited and  destroyed  or  otherwise  disposed  of  in  such  manner  as  the 
said  Commissioners  may  direct.' 

The  examination  of  tea  in  bond  is  no  doubt  a  step  in  the  right 
direction,  but  supposing  that  notwithstanding  such  examination 
adulterated  samples  of  tea  are  yet  supplied  to  the  public,  the 
genpral  provisions  of  the  Sale  of  Food  and  Drugs  Bill  ought  still 
to  be  available.    Such  a  case  as  this  is  by  no  means  improbable,- 
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and  it  is  even  quite  conceivable  tliat  tea  may  be  subjected  to 
certain  admixtures  and  additions  after  it  has  passed  the 'Customs, 
and  such  cases  would  escape  punishment  altogether  were  it  not  that 
the  other  provisions  of  the  Act  could  be  brought  to  bear  upou  them. 

Again,  it  will  be  noticed  that,  in  the  case  of  admixture  beiag 
detected  by  the  analyst  appointed  hj  the  Commissioners  of  Customs, 
the  rejection  of  the  article  is  not  to  foUow,  except  the  tea  be 
'  imfit  for  human  food,'  but  the  Commissioners  are  to  be  at  liberty  to 
allow  of  its  being  used  either  for  home  consumption,  or  as  ships' 
stores  or  for  exportation,  so  that  if  these  gentlemen  think  fit  the 
public  will  have  no  remedy,  but  will  be  obliged  to  drink  those 
adulterated  teas  which  have  passed  the  Customs  examination,  or,  if 
this  is  not  allowed,  they  will  find  their  way  to  our  ships,  om-  sailors 
being  compelled  to  di-ink  such  teas,  or  lastly  our  colonies  or  depend- 
encies may  be  made  the  recipients  of  the  teas  which  the  Commissioners 
consider  to  be  too  bad  for  home  consumption. 

We  regard  this  as  one  of  the  weakest  and  worst  clauses  of  the 
Bill.  All  teas  which  are  mixed  and  debased  should  be  rejected,  and 
the  Commissioners  ought  not  to  recognise  and  give  their  sanction  to 
dififerent  degrees  of  debasement.  Under  this  clause,  if  a  tea  be  found 
to  be  mixed  with  lie  tea,  to  contain  sand  and  magnetic  oxide  of  iron, 
or  to  be  painted,  it  vrill  still  be  in  the  power  of  the  Commissioners  to 
allow  of  its  use  in  one  or  other  of  the  ways  above  pointed  out,  because 
the  analyst  will  in  most  cases  be  unable  to  declare  that  such  teas, 
injured  and  debased  as  they  are,  are  'imfit  for  human  food.' 

With  such  provisions  as  these  it  is  impossible  to  put  a  stop  to  the 
sophistication  of  tea,  which  now  prevails  to  so  great  an  extent  and  is 
practised  in  such  a  scandalous  manner. 

Clause  22  is  as  foUows  : — 'The  justices  before  whom  any  com- 
plaint may  be  made,  or  the  court  before  whom  any  appeal  may  be 
heard  under  this  Act  may,  upon  the  request  of  either  party,  in  their 
discretion  cause  any  article  of  food  or  drug  to  be  sent  to  the  Commis- 
sioners of  Inland  Revenue,  who  shall  thereupon  direct  the  chemical 
officers  of  their  department  at  Somerset  House  to  make  the  analysis, 
and  give  a  certificate  to  such  justices  of  the  result  of  the  analysis, 
and  the  expense  of  such  analysis  shall  be  paid  by  the  complainant  or 
the  defendant  as  the  justices  may  by  order  direct.' 

It  is  not  quite  clear  by  this  clause  whether  the  plaintiff  or  defend- 
dant  is  at  liberty  in  disputed  cases  to  send  a  portion  of  the  article  in 
dispute  to  any  independent  analyst  either  may  select,  or  whether  it  is 
incumbent  upon  them,  if  another  chemical  analysis  be  required,  that 
it  should  in  all  cases  be  made  in  the  laboratory  of  the  Inland  Revenue 
at  Somerset  House.  If  so,  it  appears  to  us  that  a  monstrous  injustice 
is  perpetrated  by  the  clause  in  question.  Hitherto  it  has  been  the 
custom  for  each  party  to  select  their  own  analyst,  and  there  are  some 
chemists  of  high  repute  and  unequalled  experience  in  such  cases  who 
have  hitherto  been  in  the  habit  of  being  referred  to.    Now  by  this 
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clause  they  are  deprived  of  tlie  just  fruits  of  tlie  labour  expended  in 
obtaining  their  reputation  in  this  special  department  of  analysis. 

The  Chemical  Departmemt  of  the  Excise. 

This  brings  us  to  make  a  few  remarks  on  the  fitness  of  the  Excise 
Laboratory  at  Somerset  House  as  a  Court  of  Reference  in  such  cases. 

First,  the  Excise  are  not  in  an  independent  position  ;  they  are  in 
Government  employment  and  pay,  and  will  necessarily  regard  _  things 
from  a  Governmental  point  of  view,  and  witb  an  eye  to  securing  the 
Excise  duties  imposed. 

Next,  the  chemists  of  the  Excise  have  no  enlarged  or  general  ex- 
perience of  the  question  of  adulteration  at  all.  Their  duties  are  limited 
to  the  examination  of  duty-paying  articles  only,  and  with  all  other 
articles  they  have  nothing  whatever  to  do.  They  take  no  notice  of 
those  adulterations  which  are  simply  fi-auds  upon  the  consumer,  or 
which  are  detrimental  to  the  public  health.  They  do  not  interfere 
with  the  adulteration  of  di'ugs  unless  they  are  liable  to  a  duty,  nor  do 
they  interdict  the  use  of  poisonous  pigments  in  the  colouring  of  sugar 
confectionery  and  other  articles. 

Again,  they  have  aftbrded  but  few  public  proofs,  so  far  as  we  are 
aware,  of  their  competence  for  the  duty  imposed  upon  theni.  They 
may  now  be  quite  capable,  but  where  have  they  given  the  evidence  of 
special  competence  ?  It  might  have  been  expected  that  the  Chemical 
Department  of  the  Excise  would  have  furnished  the  public  with  much 
valuable  material  and  information  as  to  the  practice  of  adidteration  ; 
that  they  woidd  have  devised  many  new  and  simple  processes  for  its 
detection,  and  that  they  would  have  from  time  to  time  put  the  public  on 
their  guard  against  certain  adulterations  coming  more  particularly 
under  their  notice. 

Some  years  back,  when  the  author  first  took  up  the  subject  of  adul- 
teration, it  was  scarcely  possible  to  obtain  an  article  which  was  not  de- 
based and  adulterated,  and  whether  it  was  a  duty-paying  article  or  not, 
adulteration  was  everywhere  rife,  and  this  in  spite  of  the  Excise,  with 
its  '  4,000  inspectors  and  70  chemists.'  In  fact,  at  that  period  they 
were  notoriously  incompetent,  and  they  were  wholly  unacquainted 
with  the  use  of  the  microscope  in  the  detection  of  adulteration. 

Doubtless  they  are  now  better  informed,  but  having  regard  to  their 
past  history,  it  is  certainly  strange  +hat  this  body  shoidd  have  been 
selected  as  a  Court  of  Reference.  At  one  time  it  was  intended  that 
the  analyses  made  in  the  Laboratory  at  Somerset  House  should  be  final 
and  binding  on  the  litigants,  but  this  last  intention,  we  are  glad  to 
see,  has  been  abandoned.  We  pointed  out  at  the  time,  the  absurdity 
of  insisting  that  any  analysis  should  be  accepted  as  final,  because 
however  competent  the  analyst  might  be,  mistakes  might  still  be  made, 
and  no  person  could  possibly  be  condemned  on  tbe  report  of  one 
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analyst,  whoever  lie  might  be,  if  his  statements  could  be  proved  to  be 
erroneous  by  the  testimony  of  other  analysts. 

Some  idea  of  the  manner  in  which  the  Excise  performed  its  analy- 
tical duties  at  the  time  to  which  we  have  already  referred,  and  how 
far  it  then  protected  the  revenue  frord  loss  through  adulteration, 
may  be  gathered  from  the  following  few  partictdars. 

The  article  tea  was  then  subject,  as  it  still  is,  to  considerable  adul- 
teration, while  the  extent  to  which  the  public  were  defrauded  in  coffee 
and  cocoa  is  notorious ;  they  were  also  largely  defrauded  in  pepper, 
spirits,  and  tobacco,  as  is  proved  by  the  following  results  of  analyses 
of  those  articles  as  supplied  to  the  public,  and  as  reported  upon  in  the 
'Lancet.' 

Of  numerous  samples  of  black  and  white  pepper  analysed,  fully  one- 
half  were  adulterated  with  ground  rice,  pea-floiu",  wheat-flour,  linseed 
meal,  and  mustard  husk. 

Of  thirty-eight  samples  of  gin  examined,  a  very  large  proportion 
were  adulterated,  some  of  them  being  reduced  in  strength  one-half, 
while  seven  of  them  contained  cayenne  pepper.  The  same  was  the 
case  with  rum  and  brandy. 

Of  forty-three  different  swt^^s  examined,  nearly  all  were  adulterated, 
the  adulterating  ingredients  used  being,  for  the  most  part,  salt,  alka- 
lies, silica,  red  and  yellow  ochre,  red  lead,  chromate  of  lead,  and 
chromate  of  potash. 

The  Excise,  then,  at  the  period  alluded  to,  had  most  signally  failed 
in  its  principal  duty — namely,  the  protection  of  the  revenue  against 
adulteration. 

One  reason  why  the  chemists  of  the  Inland  Revenue  failed,  is  that 
they  did  not  sufiiciently  employ  the  resources  of  science  for  the  dis- 
covery of  adulteration:  they  relied  too  much  upon  the  informa- 
tion of  Excise  inspectors,  and  too  little  upon  science,  upon  the  resources 
of  chemistiy,  and  more  especially  upon  a  knowledge  of  vegetable 
structure,  as  revealed  to  the  competent  observer  by  means  of  the 
microscope. 

From  not  employing  science  enough,  the  Excise  has,  for  the  most 
part,  in  order  to  discover  evidence  of  adulteration,  been  driven  to 
adopt  a  system  of  espionage,  and  to  the  rude  and  inquisitorial  pro- 
ceeding of  entering  forcibly  upon  suspected  premises,  and  of  seizing 
any  adulterated  articles  or  substances  employed  in  adulteration,  and 
which,  perchance,  they  might  find  in  the  course  of  their  search.  The 
method  adopted  by  '  The  Lancet '  Commission  was  in  striking 
contrast  to  this.  It  simply  pm-chased  the  different  articles  as  sold  in 
the  ordinary  way  of  business,  and  applied  to  their  analyses  all  the 
resources  of  science,  especially  the  microscope.  By  this  proceed- 
ing it  was  not  necessary,  as  in  the  case  of  the  Excise,  to  n^aintaiu 
an  army  of  '  4,000 '  inspectors,  neither  was  it  requisite  to  search  the 
shop,  warehouse,  manufactory,  or  even  the  private  dwelling  of  the 
occupants. 
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By  the  metliod  we  adopted  we  were  led  to  the  discovery  of  a  var- 
iety of  chemical  adulterationa  of  which  the  Excise  possessed  no 
knowledge ;  hut  it  was  in  respect  to  the  use  of  the  microscope,  in 
particular,  as  an  instnunent  for  the  discovery  of  adulteration,  that  its 
knowledge  was  the  most  defective.  Of  this  ignorance  it  has  itself 
furnisheci  a  memorahle  and  striking  proof.  In  1850  repeated  remon- 
strances were  addressed  to  the  Government  to  prohihit  the  adulteration 
of  coiFee  with  chicory.  The  Government  excused  itself  fi-om  inter- 
feiing  on  the  plea,  puhlicly  urged  by  the  then  Chancellor  of  the 
Exchequer,  Sir  Charles  Wood,  in  the  House  of  Commons,  that, 
neither  by  chemistry  nor  by  any  other  means  was  the  adulteratiou  of 
coffee  with  chicory  to  be  detected.  This  statement  was  made  on  the 
strength  of  a  report,  procured  at  the  instance  of  the  Excise,  from  three 
of  the  most  distinguished  chemists  of  the  day ;  the  real  fact  at  the  same 
time  being,  that  nothing  is  more  easy  or  certain  than  the  discovery  of 
the  adulteration  in  question  by  means  of  the  microscope.  Fiu'ther, 
we  have  within  the  last  few  years  brought  to  light,  with  the  aid  of  the 
microscope,  hundreds  of  adulterations,  the  existence  of  which  was 
utterly  unknown  to  the  Excise. 

We  learn  from  the  Report  of  the  Select  Committee  on  Adulteration, 
that,  '  in  addition  to  about  4,000  officers  scattered  over  the  country,  the 
Board  (of  Excise)  employs  about  sixty  to  seventy  analytical  chemists, 
whose  numbers  are  recruited  by  students  educated  for  the  piu'pose  at 
University  College,  to  the  number  of  fourteen  in  every  year.'  Why, 
here  is  a  whole  army  of  inspectors  and  analysts !  With  such  huge 
machinery  as  this,  the  wonder  is  that  adulteration  should  exist  in  any 
degree,  much  less  that  it  should  be  so  prevalent ! 

The  only  other  point  in  connection  with  the  Act  which  it  is 
necessary  to  notice  is,  that  the  form  of  Certificate  prescribed  renders  it 
necessary  that  the  analyses  of  the  aiiicles  submitted  to  the  analyst 
should  be  quantitative.  By  the  Act  of  1872  he  had  simply  to  make  a 
general  or  qualitative  statement  as  to  their  composition.  Of  com-se  a 
quantitative  analysis  is  much  more  difficult,  and  requu-es  greater  skill 
and  occupies  longer  time  ;  hence  analysts  should  be  more  liberally  paid 
under  this  than  the  former  Act. 

As  was  the  case  with  the  Act  of  1872,  which  dealt  with  the  subject 
of  adulteration,  so  it  will  be  with  the  present  Act.  The  efficacy  of  the 
former  Act  resulted  in  great  part  from  the  interpretation  put  upon  it 
hj  the  judges,  and  so  it  must  be  with  the  present  measure,  which  is  ob- 
viously full  of  uncertainties,  and  much  will  therefore  depend  upon  the 
decision  of  the  tribunals  before  whom  prosecutions  under  it  are  heard. 
It  is  in  our  judgment  a  very  feeble  measure,  framed  to  a  large 
extent  in  the  interest  of  traders  and  manufacturers,  and  not  in  those 
of  the  public.  Taking  it  altogether,  it  is  inferior  to  the  Act  of  1872, 
which  it  supersedes.  It  seems  to  us  that  the  simplest  and  best  com-se 
to  have  taken  would  have  been  to  have  modified  that  Act,  and  not  to 
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have  abolished  it  altogether,  and  to  have  substituted  for  it  something 
very  much  inferior. 

A.  reluctance  is  expressed  in  some  quarters  to  grapple  with  the 
giant  evil  of  adulteration  from  the  fear  lest  it  should  interfere  with, 
and  impose  restrictions  on,  trade.  This  fear  we  believe  to  be  groimd- 
less ;  and  even  if  there  were  some  foundation  for  it,  yet  it  ought  not 
to  be  allowed  to  prevail  against  what  om*  consciences  tell  us  to  be 
right.  Trade  is  one  thing,  debasing  and  poisoning  our  food  another. 
Surely  there  is  no  necessary  connection  between  the  two ;  and  if 
connected,  the  sooner  the  connection  is  severed  the  better  on  all  grounds, 
and  especially  will  it  be  to  the  advantage  of  trade  itself.  We  main- 
tain, however,  that  the  connection  which  now  exists  is  entii-ely  un- 
natm'al,  thai  it  has  sprung  up  under  a  careless  and  loose  state  of 
things,  and  that  it  is  the  duty  of  the  State  to  interpose  its  authority 
for  the  prevention  of  adulteration. 

Now  it  shoidd  be  clearly  understood  that  it  is  not  necessary  for  the 
suppression  of  adulteration  that  restrictive  measiu-es  should  be 
resorted  to,  calculated  to  interfere  with  trade  or  to  impede  the 
liberty  of  the  subject,  beyond  those  ah-eady  in  existence ;  indeed, 
some  of  the  restrictions  now  in  force,  and  interference  at  present 
practised,  might,  under  a  better  organisation,  be  discontinued. 

Let  us  recall  to  mind  the  powers  already  conferred  for  the  suppres- 
sion of  the  adulteration  of  excisable  articles.  The  Excise  is  at  liberty  to 
enter,  by  force,  upon  any  premises  where  the  adulteration  of  an  excise- 
able  article  is  suspected  to  be  can'ied  on,  or  where  adulterated  goods 
are  supposed  to  be  deposited ;  the  advdterators  or  sellers  of  adidterated 
articles  may  be  apprehended,  pimished  by  fines,  which  are  sometimes 
very  hea\'7,  or  imprisonment ;  all  the  adulterated  articles  may  be  confis- 
cated, as  well  as  the  implements  employed  in  their  preparation.  The 
Board  may  lock  up  a  manufactm-er's  premises,  taking  the  keys  away, 
even  when  he  is  not  practising  adulteration,  and  it  may  control  the 
processes  of  manufacture  therein  pm-sued.  Here  is  interference  vrith 
the  freedom  of  trade  and  the  liberty  of  the  subject  with  a  vengeance ! 

Again,  magistrates  or  peace  officers,  by  warrant,  imder  the  Bread 
Act,  may  search  any  premises  and  seize  any  adulterated  flour  or 
bread,  search  for  any  forbidden  ingredient,  inflict  the  penalties  of  fine 
and  imprisomiient;  and  lastly,  they  may  publish  the  names  of  the 
ofienders. 

To  prevent  smuggling — an  offence  which,  in  its  effects  upon  the 
revenue,  is  allied  to  adulteration — a  large  force,  armed  to  the  teeth,  is 
stationed  all  around  the  coasts  of  these  islands:  it  may  seize  the 
smuggler,  and,  if  he  resist,  kill  him ;  or  it  may  take  his  contraband 
goods  from  him,  and,  on  conviction,  cast  him  into  prison.  Here, 
again,  is  interference  with  the  liberty  of  the  subject ;  and,  remember, 
in  smuggling,  the  revenue  only  is  defrauded,  and  but  little  is  thought 
of  public  health  or  morality. 

Lastly,  recall  to  mind  the  powers  exercised,  and  properly  so,  m  the 
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cases  of  tad  or  diseased  meat,  and  of  short  weights  and  measures, 
which,  be  it  known,  often  go  along  with  adulteration.  In  such  cases 
there  is  the  power  of  entering  upon  suspected  premises,  of  seizing  and 
confiscating  the  articles,  and  of  pimishing  the  wrongdoers  by  fine  or 
imprisonment. 

It  may  be  inquired,  how  comes  it  that,  with  such  powers  of  re- 
pression, adulteration  so  prevails  ?  The  answer  is,  that  the  laws  in 
force  respecting  adulteration  are  partial  only  in  their  operation ;  that 
they  relate  only  to  certain  articles ;  that  they  are  for  the  most  part 
but  seldom  enforced,  and  that  some  of  them  have  even  fallen  into 
desuetude.  ^Vhat  concerns  everybody,  what  is  everybody's  business, 
becomes,  in  fact,  according  to  the  old  adage,  nobody's  business. 

The  cries  of  '  freedom  of  trade '  and  'the  liberty  of  the  subject,' 
in  connection  with  adulteration,  are  in  reality  immeaning  terms,  used 
as  bugbears  to  frighten  the  timid  and  to  tiirow  the  public  off  their 
guard. 

In  legislating  upon  the  subject  of  adiilteration,  it  should  be  re- 
membered that  the  seller  is  frequently  as  much  a  party  to  adultera- 
tion as  the  actual  adulterator.  This  is  shown  by  the  fact  that  he  often 
buys  articles  at  prices  at  which  he  Imows  it  is  impossible  that  they 
can  be  genuine.  Again,  it  should  be  recollected  that  it  is  often  the 
interest  of  the  seller  to  screen  the  adulterating  wholesale  merchant 
or  manufactm-er,  he,  in  many  cases,  being  largely  in  his  debt.  In 
the  course  of  the  publication  of  the  reports  of  '  The  Lancet  Sanitary 
Commission '  we  met  with  several  cases  in  which  the  seller  preferred 
to  incur  the  risk  consequent  upon  the  publication  of  his  name, 
rather  than  divulge  the  names  of  the  parties  by  whom  he  was 
supplied.  The  seller,  therefore,  must  not  be  let  off  too  easily, 
especially  when  he  attempts  to  screen  the  perpetrator  of  adulteration. 

We  cannot  more  appropriately  conclude  this  Summary  than  in 
the  following  words,  taken  from  a  very  able  article  on  the  author's 
book  entitled  '  Food  and  its  Adulterations,'  contained  in  the  '  Quarterly 
Review': — 'We  have  now  shown  enough  to  convince  the  public  that 
the  grossest  fraud  reigns  throughout  the  British  public  commissariat 

 It  remains  to  be  seen  whether  the  Government  is  able  and 

willing  to  stay  this  gigantic  evil  and  national  dishonour.' 
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An  Act  to  repeal  the  Adulteration  of  Food  Acts,  and  to  make  better     a.d.  1S75, 
provision  for  the  Sale  of  Food  and  Drugs  in  a  pure  state. 

[11th  August,  1875.] 

HEREAS  it  is  desirable  that  the  Acts  now  in  force  relating  to 
the  adulteration  of  food  should  be  rppealed,  and  tliat  the  law 
regarding  the  sale  of  food  and  drugs  in  a  pure  and  genuine  condi- 
tion should  be  amended: 

Be  it  therefore  enacted  by  the  Queen's  most  Excellent  Majesty, 
by  and  with  the  advice  and  consent  of  the  Lords  Spiritual  and  Tem- 
poral, and  Commons,  in  this  present  Parliament  assembled,  and  by 
the  authority  of  the  same,  as  follows: — 

1.  From  the  commencement  of  this  Act  the  statutes  of  the  Repeal  of 
twenty-third  and  twenty-fourth  Victoria,  chapter  eighty-four,  of  the  statutes, 
thirty-first  and  thirty-second  of  Victoria,  chapter  one  hundred  and 
twenty-one,  section  twenty-four,  of  the  thirty-third  and  thirty-fourth 

of  Victoria,  chapter  twenty-six,  section  tliree,  and  of  the  thirty- 
liflh  and  thirty-sixth  of  Victoria,  chapter  seventy-four,  shall  be  re- 
pealed, except  in  regard  to  any  appointment  made  under  them  and 
not  then  determined,  and  in  regard  to  any  oflfence  committed  against 
them  or  any  prosecution  or  other  act  commenced  and  not  concluded 
or  completed,  and  any  payment  of  money  then  due  in  respect  of  any 
provision  thereof, 

2.  The  term  '  food '  shall  include  every  article  used  for  food  or  Interpreta- 
drink  by  man,  other  than  drugs  or  water :  °* 

The  term  'drug' shall  include  medicine  for  internal  or  external 
use : 

The  term  'county'  shall  include  every  county,  riding,  and 
division,  as  well  as  every  county  of  a  city  or  town  not  being  a 
borough : 

The  term  'justices'  shall  include  any  police  and  stipendiary 
magistrate  invested  with  the  powers  of  a  justice  of  the  peace  in 
England,  and  any  divisional  justices  in  Ireland. 
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A.D.  1875. 

Prohibition 
of  the  mix- 
ing of  inju- 
rious ingre- 
dients, and 
of  selling  the 
same. 


Prohibition 
of  the  mix- 
ing of  drugs 
with  inju- 
rious ingre- 
dients, and 
of  selling  the 
same. 


Exemption 
in  case  of 
proof  of 
absence  of 
knowledge'. 


Prohibition 
of  the  sale  of 
articles  of 
food  and  of 
drugs  not  o£ 
the  proper 
natm-e,  sub- 
stance, and 
qtiality. 


Description  of  Offences. 

3.  No  person  shall  mix,  colour,  stain,  or  powder,  or  order  or 
permit  any  other  person  to  mix,  colour,  stain,  or  powder,  any  article 
of  food  with  any  ingredient  or  material  so  as  to  render  the  article 
injurious  to  health,  with  intent  that  the  same  may  be  sold  in  that 
state,  and  no  person  shall  sell  any  such  article  so  mixed,  coloured, 
stained,  or  powdered,  under  a  penalty  in  each  case  not  exceeding 
fifty  pounds  for  the  first  offence  ;  every  offence,  after  a  conviction 
for  a  first  offence,  shall  be  a  misdemeanour,  for  which  the  person,  on 
conviction,  shall  be  imprisoned  for  a  period  not  exceeding  six 
months  with  hard  labour. 

4.  No  person  shall,  except  for  the  purpose  of  compounding  as 
hereinafter  described,  mix,  colour,  stain,  or  powder,  or  order  or 
permit  any  other  person  to  mix,  colour,  stain,  or  powder,  .any  drug 
with  any  ingredient  or  material  so  as  to  affect  injuriously  the 
quality  or  potency  of  such  drug,  with  intent  that  the  same  may  be 
sold  in  that  state,  and  no  person  shaU.  sell  any  such  drug  so  mixed, 
coloured,  stained,  or  powdered,  under  the  same  penalty  in  each  case 
respectively  as  in  the  preceding  section  for  a  first  and  subsequent 
offence. 

5.  Provided  that  no  person  shall  be  liable  to  be  convicted  under 
either  of  the  two  last  foregoing  sections  of  this  Act  in  respect  of  the 
sale  of  any  article  of  food,  or  of  any  drug,  if  he  shows  to  the  satis- 
faction of  the  justice  or  court  before  whom  he  is  charged  that  he  did 
not  know  of  the  article  of  food  or  drug  sold  by  him  being  so  mixed, 
coloured,  stained,  or  powdered  as  in  either  of  those  sections  men- 
tioned, and  that  he  could  not  with  reasonable  diligence  have  obtained 
that  knowledge. 

6.  No  person  shall  sell  to  the  prejudide  of  the  purchaser  any 
article  of  food  or  any  drug  which  is  not  of  the  nature,  substance, 
and  quality  of  the  article  demanded  by  such  purchaser,  under  a 
penalty  not  exceeding  twenty  pounds ;  provided  that  an  offence  shall 
not  be  deemed  to  be  committed  under  this  section  in  the  following 
cases  ;  that  is  to  say, 

(1.)  Where  any  matter  or  ingredient  not  injurious  to  health  has 
been  added  to  the  food  or  drug  because  the  same  is  re- 
quired for  the  production  or  preparation  thereof  as  an 
article  of  commerce,  in  a  state  fit  for  carriage  or  consump- 
tion, and  not  fraudulently  to  increase  the  bulk,  weight, 
or  measure  of  the  food  or  drug,  or  conceal  the  inferior 
qiiality  thereof ; 

(2.)  "Where  the  drug  or  food  is  a  proprietary  medicine,  or  is  the 
subject  of  a  patent  in  force,  and  is  supplied  in  the  state 
required  by  the  specification  of  the  patent ; 

(3.)  Where  the  food  or  drug  is  compounded  as  in  this  Act  men- 
tioned ; 

(4.)  Where  the  food  or  drug  is  unavoidably  mixed  with  some 
extraneous  matter  in  the  process  of  collection  or  prepa- 
ration. 
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7.  No  person  shall  sell  any  compound  article  of  food  or  com- 
pounded drug  which  is  not  composed  of  ingredients  in  accordance 
with  the  demand  of  the  purchaser,  under  a  penalty  not  exceeding 
twenty  pounds. 

8.  Provided  that  no  person  shall  be  guilty  of  any  such  offence 
as  aforesaid  in  respect  of  the  sale  of  an  article  of  food  or  a  drug 
mixed  with  any  matter  or  ingredient  not  injurious  to  health,  and  not 
intended  fraudiilently  to  increase  its  bulk,  weight,  or  measure,  or 
conceal  its  inferior  quality,  if  at  the  time  of  delivering  such  article 
or  drug  he  shall  supply  to  the  person  receiving  the  same  a  notice, 
by  a  label  distinctly  and  legibly  written  or  printed  on  or  with  the 
article  or  drug,  to  the  effect  that  the  same  is  mixed. 

9.  No  person  shall,  with  the  intent  that  the  same  may  be  sold  in 
its  altered  state  without  notice,  abstract  from  an  article  of  food  any 
part  of  it  so  as  to  affect  injxiriously  its  quality,  substance,  or  nature, 
and  no  person  shall  sell  any  article  so  altered  without  making  dis- 
closure of  the  alteration,  under  a  penalty  in  each  case  not  exceeding 
twenty  pounds. 

Appointment  and  Duties  of  Analysts,  and  Proceedings  to  obtain 

Analysis. 

10.  In  the  city  of  London  and  the  liberties  thereof  the  Commis- 
sioners of  Sewers  of  the  city  of  London  and  the  liberties  thereof, 
and  in  all  other  parts  of  the  metropolis  the  vestries  and  district  boards 
acting  in  execution  of  the  Act  for  the  better  local  management  of 
the  metropolis,  the  court  of  quarter  sessions  of  every  county,  and 
the  town  council  of  every  borough  having  a  separate  court  of 
quarter  sessions,  or  having  under  any  general  or  local  Act  of  Parlia- 
ment or  otherwise  a  separate  police  establishment,  may,  as  soon  as 
convenient  after  the  passing  of  this  Act,  where  no  appointment  has 
been  hitherto  made,  and  in  all  cases  as  and  when  vacancies  in  the 
office  occur,  or  when  required  so  to  do  by  the  Local  Government 
Board,  shall,  for  their  respective  city,  districts,  counties,  or  boroughs, 
appoint  one  or  more  persons  possessing  competent  knowledge,  skill, 

;  and  experience,  as  analysts  of  all  articles  of  food  and  drugs  sold 
within  the  said  city,  metropolitan  districts,  counties,  or  boroughs, 
and  shall  pay  to  such  analysts  such  remuneration  as  shall  be  mutu- 
;  ally  agreed  upon,  and  may  remove  him  or  them  as  they  shall  deem 
proper ;  but  such  appointments  and  removals  shall  at  all  times  be 
I  subject  to  the  approval  of  the  Local  Government  Board,  who  may 
;  require  satisfactory  proof  of  competency  to  be  supplied  to  them, 
I  and  may  give  their  approval  absolutely  or  with  modifications  as  to 
I  the  period  of  the  appointment  and  removal,  or  otherwise:  Provided, 
1  that  no  person  shall  hereafter  be  appointed  an  analyst  for  any 
j  place  under  this  section  who  shall  be  engaged  directly  or  indirectly 
I  in  any  trade  or  business  connected  with  the  sale  of  food  or  drugs  in 
I  such  place. 

In  Scotland  the  like  powers  shall  bo  conferred  and  the  like 
( duties  shall  be  imposed  upon  the  commissioners  of  supply  at  their 
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ordinary  meetings  for  counties,  and  the  commissioners  or  boards 
of  police,  or  where  there  are  no  such  commissioners  or  boards,  upon 
the  town  councils  for  boroughs  within  their  several  jurisdictions ; 
provided  that  one  of  Her  Majesty's  Principal  Secretaries  of  State  in 
Scotland  shall  be  substituted  for  the  Local  Government  Board  of 
England. 

In  Ireland  the  like  powers  and  duties  shall  be  conferred  and 
imposed  respectively  upon  the  grand  jury  of  every  county  and  town 
council  of  every  borough ;  provided  that  the  Local  Government 
Board  of  Ireland  shall  be  substituted  for  the  Local  Government 
Board  of  England. 

1 1.  The  town  council  of  any  borough  may  agree  that  the  analyst 
appointed  by  any  neighbouring  borough  or  for  the  county  in  which 
the  borough  is  situated,  shall  act  for  their  borough  during  such  time 
as  the  said  council  shall  think  proper,  and  shall  make  due  provision 
for  the  payment  of  his  remuneration,  and  if  such  analyst  shall  con- 
sent, he  shall  during  such  time  be  the  analyst  for  such  borough  for 
the  purposes  of  this  Act. 

12.  Any  purchaser  of  an  article  of  food  or  of  a  drug  in  any 
place  being  a  district,  county,  city,  or  borough  where  there  is  any 
analyst  appointed  under  this  or  any  Act  hereby  repealed  shall  be 
entitled,  on  payment  to  such  analyst  of  a  sum  not  exceeding  ten 
shillings  and  sixpence,  or  if  there  be  no  such  analyst  then  acting 
for  such  place,  to  the  analyst  of  another  place,  of  such  sum  as  may 
be  agreed  upon  between  such  person  and  the  analyst,  to  have  such 
article  analysed  by  such  analyst,  and  to  receive  from  him  a  certi- 
ficate of  the  result  of  his  analysis. 

13.  Any  medical  officer  of  health,  inspector  of  nuisances,  or  in- 
spector of  weights  and  measures,  or  any  inspector  of  a  market,  or 
any  police  constable  under  the  direction  and  at  the  cost  of  the  local 
authority  appointing  such  oflBcer,  inspector,  or  constable,  or  charged 
with  the  execution  of  this  Act,  may  procure  any  sample  of  food  or 
drugs,  and  if  he  suspect  the  same  to  have  been  sold  to  him  contrary 
to  any  provision  of  this  Act,  shall  submit  the  same  to  be  analysed 
by  the  analyst  of  the  district  or  place  for  which  he  acts,  or  if  there 
be  no  such  analyst  then  acting  for  such  place,  to  the  analyst  of 
another  place,  and  such  analyst  shall,  upon  receiving  payment  as  is 
provided  in  the  last  section,  with  all  convenient  speed  analyse  the 
same  and  give  a  certificate  to  such  officer,  wherein  he  shall  specify 
the  result  of  the  analysis. 

14.  The  person  purchasing  any  article  with  the  intention  of  sub- 
mitting the  same  to  analysis  shall,  after  the  purchase  shall  have 
been  completed,  forthwith  notify  to  the  seller  or  his  agent  selling 
the  article  his  intention  to  have  the  same  analysed  by  the  pubbc 
analyst,  and  shall  offer  to  divide  the  article  into  three  parts  to  be 
then  and  there  separated,  and  each  part  to  be  marked  and  sealed  or 
fastened  up  in  such  manner  as  its  nature  will  permit,  and  shall, 
if  required  to  do  so,  proceed  accordingly,  and  shall  deliver  one  of 
the  parts  to  the  seller  or  his  agent. 
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He  shall  afterwards  retain  one  of  the  said  parts  for'firtiire  com- 
parison and  submit  the  third  part,  if  he  deems  it  right  to  have  the 
article  analj'sed,  to  the  analyst. 

15.  If  the_  seller  or  his  agent  do  not  accept  the  offer  of  the  pur- 
ohaF"r  to  divide  the  article  purchased  in  his  presence,  the  analyst 
receiving  the  article  for  analysis  shall  divide  the  same  into  two  parts, 
and  shall  seal  or  fasten  up  one  of  those  parts  and  shall  cause  it  to 
lie  delivered,  either  upon  receipt  of  the  sample  or  when  he  supplies 
JUS  certificate  to  the  purchaser,  who  shall  retain  the  same  for  pro- 
duction in  case  proceedings  shall  afterwards  be  taken  in  the  matter. 

16.  If  the  analyst  do  not  reside  within  two  miles  of  the  residence 
if  the  person  requiring  the  article  to  be  analysed,  such  article  may 
<e  forwarded  to  the  analyst  through  the  post  office  as  a  regis- 
tered letter,  subject  to  any  regulations  which  the  Postmaster 
treneral  may  make  m  reference  to  the  carrying  and  delivery  of  such 
article,  and  the  charge  for  the  postage  of  such  article  shall  be 
deemed  one  of  the  charges  of  this  Act  or  of  the  prosecution,  as  the 
case  may  be. 

1 7.  If  any  such  officer,  inspector,  or  constable,  as  above  de- 
<cnbed,  shall  apply  to  purchase  any  article  of  food  or  any  drug 
-exposed  to  sale,  or  on  sale  by  retail  on  any  premises  or  in  any  shop 
nr  stores,  and  shall  tender  the  price  for  the  quantity  which  he  shall 
require  tor  the  purpose  of  analysis,  not  being  more  than  shall  be 
rea.sonably  requisite,  and  the  person  exposing  the  same  for  sale 
shall  refuse  to  sell  the  same  to  such  officer,  inspector,  or  con- 
pounds^'^     Pei-son  shall  be  liable  to  a  penalty  not  exceeding  ten 

18.  The  certificate  of  the  analysis  shall  be  in  the  form  set  forth 
in  the  schedule  hereto,  or  to  the  like  effect. 

19.  Eveiy  analyst  appointed  under  any  Act  hereby  repealed  or 
this  Act  shall  report  quarterly  to  the  authority  appointing  him  the 
number  of  articles  analysed  by  him  under  this  Act  during  the  fore- 
going quarter  and  shall  specify  the  result  of  each  analysis  and  the 
sum  paid  to  him  in  respect  thereof,  and  such  report  shall  be  pre- 
sented at  the  next  meeting  of  the  authority  appointing  such  analyst, 
and  every  such  authority  shall  annually  transmit  to  the  Local 
Government  Board  at  such  time  and  in  such  form  as  the  Board 
shall  direct,  a  certified  copy  of  such  quarterly  report. 

Proceedings  against  Offenders. 

20.  When  the  analyst  having  analysed  any  article  shall  have 
iu-en  his  certificate  of  the  result,  from  which  it  may  appear  that  an 
■.ffence  against  some  one  of  the  provisions  of  this  Act  has  been 
■ommitted,  the  person  causing  the  analysis  to  be  made  may  take 
Toceedings  for  the  recovery  of  the  penalty  herein  imposed  for  such 
itfence,  before  anyjustices  in  petty  sessions  assembled  having  juris- 
diction in  the  place  where  the  article  or  drug  sold  was  actually 
aelivered  to  the  purchaser,  in  a  summary  manner. 
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Every-penalty  imposed  by  this  Act  shall  be  recovered  in  England 
in  the  manner  described  by  the  eleventh  and  twelfth  of  Victoria, 
chapter  forty-three.  In  Ireland  such  penalties  and  proceedings 
shall  be  recoverable,  and  may  be  taken  with  respect  to  the  police 
district  of  Dublin  metropolis,  subject  and  according  to  the  provi- 
sions of  any  Act  regulating  the  powers  and  duties  of  justices  of  the 
peace  for  such  district,  or  of  the  police  of  such  district ;  and  with 
respect  to  other  parts  of  Ireland,  before  a  justice  or  justices  of  the 
peace  sitting  in  petty  sessions,  and  subject  and  according  to  the 
provisions  of  '  The  Petty  Sessions  (Ireland)  Act,  1851,'  and  any 
Act  amending  the  same. 

Every  penalty  herein  imposed  may  be  reduced  or  mitigated 
according  to  the  judgment  of  the  justices.  * 

21.  At  the  hearing  of  the  information  in  such  proceeding  the 
production  of  the  certificate  of  the  analyst  shall  be  sufficient  evi- 
dence of  the  facts  therein  stated,  unless  the  defendant  shall  require 
that  the  analyst  shall  be  called  as  a  witness,  and  the  parts  of  the 
articles  retained  by  the  person  who  purchased  the  article  shall  be 
produced,  and  the  defendant  may,  if  he  think  fit,  tender  himself  and 
liis  wife  to  be  examined  on  his  behalf,  and  he  or  she  shall,  if  he  so 
desire,  be  examined  accordingly. 

22.  The  justices  before  whom  any  complaint  may  be  made,  or  the 
court  before  whom  any  appeal  may  be  heard,  under  this  Act  niay, 
upon  the  request  of  either  party,  in  their  discretion  cause  any  article 
of  food  or  drug  to  be  sent  to  the  Commissioners  of  Inland  Revenue, 
who  shall  thereupon  direct  the  chemical  officers  of  their  department  1 
at  Somerset  House  to  make  the  analysis,  and  give  a  certificate  to 
such  justices  of  the  result  of  the  analysis  ;  and  the  expense  of  such 
analysis  shall  be  paid  by  the  complainant  or  the  defendant  as  the 
justices  may  by  order  direct. 

23.  Any  person  who  has  been  convicted  of  any  offi;nee  punish- 
able by  any  Act  hereby  repealed  or  by  this  Act  by  any  justices  may 
appeal  in  England  to  the  next  general  or  quarter  sessions  of  the 
peace  which  shall  be  held  for  the  city,  county,  town,  or  place, 
•wherein  such  conviction  shall  have  been  made,  provided  that  such 
person  enter  into  a  recognizance  within  three  days  next  after  such 
conviction,  with  two  sufficient  sureties,  conditioned  to  try  such 
appeal,  and  to  be  forthcoming  to  abide  the  judgment  and  deter- 
mination of  the  court  at  such  general  or  quarter  sessions,  and  to 
pay  such  costs  as  shall  be  by  such  court  awarded  ;  and  the  justices 
before  whom  such  conviction  shall  be  had  are  hereby  empowered 
and  required  to  take  such  recognizance;  and  the  court  at  such 
general  or  quarter  sessions  are  hereby  required  to  hear  and  deter- 
mine the  matter  of  such  appeal,  and  may  award  such  costs  to  the 
party  appealing  or  appealed  against  as  they  or  he  shall  thiui. 

^^"l^'lreland  any  person  who  has  been  convicted  of  any  offencdP 
punishable  by  this  Act  may  appeal  to  the  next  court  ot"  quartet 
sessions  to  be  held  in  the  same  division  of  the  county  where  m 
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conviction  shall  be  made  by  any  justice  or  justices  in  any  petty  ses- 
sions district,  or  to  the  recorder  at  his  next  sessions  where  the 
conviction  shall  be  made  by  the  divisional  justices  in  the  police 
district  of  Dublin  metropolis,  or  to  the  recorder  of  any  corporate 
or  borough  town  when  the  conviction  shall  be  made  by  any  justice 
or  justices  in  such  corporate  or  borough  town  (unless  when  any 
such  sessions  shall  commence  within  ten  days  from  the  date  of  any 
such  conviction,  in  which  case,  if  the  appellant  sees  fit,  the  appeal 
may  be  made  to  the  next  succeeding  sessions  to  be  held  for  such 
division  or  town),  and  it  shall  be  lawful  for  such  court  of  quarter 
sessions  or  recorder  (as  the  case  may  be)  to  decide  such  appeal,  if 
made  in  such  form  and  manner  and  with  such  notices  as  are  re- 
quired by  the  said  Petty  Sessions  Acts  respectively  hereinbefore 
mentioned  as  to  appeals  against  orders  made  by  justices  at  petty 
sessions,  and  all  the  provisions  of  the  said  Petty  Sessions  Acts 
respectively  as  to  making  appeals  and  as  to  executing  the  orders 
made  on  appeal,  or  the  original  orders  where  the  appeals  shall  not 
be^duly  prosecuted,  shall  also  apply  to  any  appeal  made  under  this 

24.  In  any  prosecution  under  this  Act,  where  the  fact  of  an 
article  having  been  sold  in  a  mixed  state  has  been  proved,  if  the 
defendant  shall  desire  to  rely  upon  any  exception  or  provision  con- 
tained in  this  Act,  It  shall  be  incumbent  upon  him  to  prove  the 

25.  If  the  defendant  in  any  prosecution  under  this  Act  prove  to 
the  satisfaction  of  the  justices  or  court  that  he  had  purchased  the 
article  in  question  as  the  same  in  nature,  substance,  and  quality  as 
that  demanded  of  him  by  the  prosecutor,  and  with  a  written  war- 
ranty to  that  effect,  that  he  had  no  reason  to  believe  at  the  time 

.  when  he  sold  it  that  the  article  was  otherwise,  and  that  he  sold  it 
in  the  same  state  as  when  he  purchased  it,  he  shall  be  discharged 
from  the  prosecution,  but  shall  be  liable  to  pay  the  costs  incurred 
by  the  prosecutor,  unless  he  shall  have  given  due  notice  to  him  that 
he  will  rely  on  the  above  defence. 

26  Every  penalty  imposed  and  recovered  under  this  Act  shall 
.fM    cas«  of  a  prosecution  by  any  officer,  inspector,  or  con- 
fc^id  f  \k   au  hority  who  shall  have  appointed  an  analyst  or 
a^eed  to  the  acting  of  an  analyst  within  their  district,  to  such 
officer,  inspector,  or  constable,  and  shall  be  by  him  paid  to  the 
authority  for  whom  he  acts,  and  be  applied  towa'ids  theCenses  of 
'  ZtTZ        T'  '^°-\,S'^*"te  to  the  contrary  notwithstanding 
.  Jnnl         ^^^^V^^'^y  °Sf^  prosecution  the  same  shall  be  paid  afd 
;  of  tnt  nifl       ^''""^'"^  ^^"^  regulating  the  application 

tII  f-    I      oflfences  punishable  in  a  summary  manner,  and  in 
Ireland  in  the  manner  directed  by  the  Fines  Act,  Ireland,  1851,  and 
I  the  Acts  amending  the  same.  >        >  ^ 

1  f.JJ^  /°y  person  who  shall  forge,  or  shall  utter,  knowing  it  to  be 

l^uf^J     .     ^T^"'''  ^'b  «r  any  writing 

1  purporting  to  contain  a  warranty,  shall  be  guUty  of  a  misdemeanon? 


A.D.  1875. 


In  any  pro- 
secution 
defendant  to 
prove  that 
he  is  pro- 
tected by 
exception  or 
provision. 

Defendant 
to  be  dis- 
charged if  he 
prove  that  he 
bought  the 
article  in  the 
same  state 
as  sold,  and 
with  a 
waiTanty. 
No  costs  ex- 
cept on 
issues  proved 
against  him. 

Application 
of  penalties. 


Punishment 
for  forging 
certificate  or 
warranty ; 


880 


THE  SALE  OF  FOOD  AND  DRUGS  ACT. 


A.D.  1875. 


for  wilful 
misapplica- 
tion of 
warranty ; 


for  false 
warranty  ; 


for  false 
label. 


Proceedings 
by  indict- 
ment and 
contracts 
not  to  be 
affected. 


Expenses  of 

executing 

Act. 


and  be  punisbable  on  conviction  by  imprisonment  for  a  term  of  not 
exceeding  two  years  witb  hard  labour  ;  ^-  ^  a 

Every  person  who  shall  wilfully  apply  to  an  article  of  food,  or  a 
drug,  in  any  proceedings  under  this  Act  a  ceruficate  or  warranty 
Jrfn  in  rektion  to  any  other  article  or  drug,  sha  be  guilty  of  an 
Offence  under  this  Act,  and  be  liable  to  a  penalty  not  exceeding 

^"^"Eve??  ™ion  who  shall  give  a  false  wranty  in  ^mting  to  any 
purchaser  in  respect  of  an  article  of  food  or  a  drug  sold  by  him  as 
Kcipal  or  agent,  shall  be  guilty  of  an  offence  under  this  Act,  and 
be  liable  to  a  penalty  not  exceeding  twenty  pounds ; 

And  every  person  who  shall  wilfully  give  a  label  with  any  article 
sold  by  him  which  shall  falsely  describe  the  article  sold,  shall  be 
guilty  of  an  offence  under  this  Act,  and  be  bable  to  a  penalty  not 
exceeding  twenty  pounds. 

28  Nothing  in  this  Act  contained  shall  affect  the  power  of  pro- 
ceeding by  indictment,  or  take  away  any  other  remedy  against  any 
offender  under  this  Act,  or  in  any  way  interfere  with  contracts  and 
bargains  between  individuals,  and  the  rights  and  remedies  belonging 

Provided  that  in  any  action  brought  by  any  person  for  a  breach 
of  coitexct  on  the  sale  of  any  article  of  food  or  of  any  drug,  such 
person  may  recover  alone  or  in  addition  to  any  other  damages  reco- 
verable by  him  the  amount  of  any  penalty  in  which  he  may  have 
Teen  convited  under  this  Act,  together  with  the  ?o«t«  P-^  by  him 
upon  such  conviction  and  those  incurred  by  him  in  and  about  h.s 
Srfence  thereto,  if  he  prove  that  the  article  or  drug  the  subject  of 
such  conviction  was  sold  to  him  as  and  for  an  article  or  drug  of  the 
ZZ  Znre,  substance,  and  quality  as  that  -hich  was  dem^^^^^^^^^ 
him,  and  that  he  purchased  it  not  knowing  it  to  be  otherwise,  and 

afte;wards  sold  it  in  the  same  state  Py^^^^'^^lVthat 
defendant  in  such  action  being  nevertheless  '^^t  liberty  to  P^^^^^^^^ 
the  conviction  was  wrongful,  or  that  the  amount  of  costs  awarded  or 
claimed  was  unreasonable. 

Expenses  of  executing  the  Act. 
29.  The  expenses  of  executing  this  Act  shall  be  borne  in  the 
city  of  London  and  the  liberties  thereof,  by  *e  consolidated  rates 
raised  by  the  Commissioners  of  Sewers  of  *«^«^ty  of  London  and 
the  liberties  thereof,  and  in  the  rest  of  the  ^etropolis  by  any  ra  es 
or  funds  applicable  to  the  purposes  of  the  Act  for  the  better  local 
management  of  the  metropolis,  othei^ise  as  re^rds  Engh^^^^^^ 
in  counties  by  the  county  rate,  and  in  boroughs  by  the  borougn 

^'^ind  as'^egards  Ireland,  in  counties  by  the  grand  jury  cess,  and  in 
boroughs  by  The  borough  fund  or  rate  ;  all  such  expenses  payable  in 
any  county  out  of  grand  jury  cess  shall  be  paid  by  the  treasurer  of 

'^^Tgrl'dW  of  any  such  county  shall,  at  any.assi^es  at  which 
it  is  proved  tiiat^ny  such  expense's  have  been  incurred  or  paid 
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Tea  to  be 
examined  by 
the  Customs 
on  importa- 
tion. 


■without  previous  application  to  presentment  sessions,  present  to  be  ^875. 
raised  off  and  paid  by  such  county  the  moneys  required  to  defray 
the  same. 

Special  Provision  as  to  Tea. 

30.  From  and  after  the  first  day  of  January  one  thousand  eight 
hundred  and  seventy-six  all  tea  imported  as  merchandise  into  and 
landed  at  any  port  in  Great  Britain  or  Ireland  shall  be  subject  to 
examination  by  persons  to  be  appointed  by  the  Commissioners  of 
Customs,  subject  to  the  approval  of  the  Treasury,  for  the  inspection 
and  analj'sis  thereof,  for  which  purpose  samples  may,  when  deemed  ' 
necessary  by  such  inspectors,  be  taken  and  with  all  convenient 
speed  be  examined  by  the  analysts  to  be  so  appointed ;  and  if  upon 
such  analysis  the  same  shall  be  found  to  be  mixed  with  other  sub- 
stances or  exhausted  tea,  the  same  shall  not  be  delivered  unless 
with  the  sanction  of  the  said  commissioners,  and  on  such  terms  and 
conditions  as  they  shall  see  fit  to  direct,  either  for  home  consump- 
tion or  for  use  as  ships'  stores  or  for  exportation ;  but  if  on  such 
inspection  and  analysis  it  shall  appear  that  such  tea  is  in  the  opinion 
of  the  analyst  unfit  for  human  food,  the  same  shall  be  forfeited  and 
destroyed  or  otherwise  disposed  of  in  such  manner  as  the  said  com- 
missioners may  direct. 

31.  Tea  to  which  the  term  '  exhausted '  is  applied  in  this  Act  Interpreta- 
shall  mean  and  include  any  tea  which  has  been  deprived  of  its  tionof  Act. 
proper  quality,  strength,  or  virtue  by  steeping,  infusion,  decoction, 

or  other  means. 

32.  For  the  purposes  of  this  Act  every  liberty  of  a  cinque  port 
not  comprised  within  the  jurisdiction  of  a  borough  shall  be  part  of 
the  county  in  which  it  is  situated,  and  subject  to  the  jurisdiction  of 
the  justices  of  such  county. 

33.  In  the  application  of  this  Act  to  Scotland  the  following 
provisions  shall  have  effect: 


Provision 
for  the 
liberty  of  a 
cinque  port. 


misdemeanour '  shall    mean   '  a    crime  or 


1.  The  term 

offence : ' 

2.  The  term  'defendant'  shall  mean  'defender'  and  include 

'  respondent : ' 

3.  The  term  '  information '  shall  include  '  complaint : ' 

4.  This  Act  shall  be  read  and  construed  as  if  for  the  term  'jus- 

tices,'where-rer  it  occurs  therein,  the  term  'sheriff' were 
substituted : 

6.  The  term  '  sheriff'  shall  include  '  sheriff  substitute  : ' 

6.  The  term  '  borough '  shall  mean  any  royal  burgh  and  any 

burgh  returning  or  contributing  to  retiu-n  a  member  to 
Parliament : 

7.  The  expenses  of  executing  this  Act  shall  be  borne  in  Scotland, 

in  counties,  by  the  county  general  assessment,  and  in 
burghs,  by  the  police  assessment : 

8.  This  Act  shall  be  read  and  construed  as  if  for  the  expression 

'  the  Local  Government  Board,'  wherever  it  occurs  therein, 
3l 


Application 
of  the  Act 
to  Scotland. 
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A.D.  1875.  the  expression  '  one  of  Her  Majesty's  Principal  Secre- 

taries  of  State '  were  substituted : 

9.  All  penalties  provided  by  this  Act  to  be  recovered  in  a  sum- 

mary manner  shall  be  recovered  before  the  sheriff  of  the 
county  in  the  sheriff  court,  or  at  the  option  of  the  person 
seeking  to  recover  the  same  in  the  police  coiart,  in  any 
place  where  a  sheriff  officiates  as  a  police  magistrate  undei' 
the  provisions  of  'The  Summary  Procedure  Act,  1864,' 
or  of  the  Police  Act  in  force  for  the  time  in  any  place  in 
■which  a  sheriff  officiates  as  aforesaid,  and  all  the  juris- 
diction, powers,  and  authorities  necessary  for  this  purpose 
are  hereloy  conferred  on  sheriffs  : 

Every  such  penalty  may  be  recovered  at  the  instance  oi 
the  procurator  fiscal  of  the  jurisdiction,  or  of  the  person 
who  caused  the  analysis  to  be  made  from  which  it  appeared 
that  an  offence  liad  been  committed  against  some  one  of  the 
provisions  of  this  Act: 

Every  penalty  imposed  and  recovered  under  this  Act 
shall  be  paid  to  the  clerk  of  the  court,  and  by  him  shall  be 
accounted  for  and  paid  to  the  treasurer  of  the  county 
general  assessment,  or  the  police  assessment  of  the  burgh, 
as  the  sheriflT  shall  direct : 

10.  Every  penalty  imposed  by  this  Act  maybe  reduced  or  miti- 

gated according  to  the  jiidgment  of  the  sheriflf: 

11.  It  shall  be  competent  to  any  person  aggrieved  by  any  con- 

viction by  a  sheriff  in  any  summary  proceeding  under  this 
Act  to  appeal  against  the  same  to  the  next  circuit  court,  or 
where  there  are  no  circuit  courts  to  the  High  Court  of 
Justiciary  at  Edinburgh,  in  the  manner  prescribed  by  such 
of  the  provisions  of  the  Act  of  the  twentieth  year  of  the 
reign  of  King  George  the  Second,  chapter  forty-three,  and 
any  Acts  amending  the  same,  as  relate  to  appeals  in  mat- 
ters criminal,  and  by  and  under  the  rules,  limitations, 
conditions,  and  restrictions  contained  in  the  said  pro- 
visions. 

Interpreta-  34.  In  the  application  of  this  Act  to  Ireland, — 

tion  of  terms  rpj^^  term  'borough'  shall  mean  any  borough  subject  to  the 
tTon^of^Act  Act  of  the  session  of  the  third  and  fourth  years  of  the  reign 

to  Ireland.  of  Her  present  Majesty,  chapter  one  hundred  and  eight,  inti- 

tuled '  An  Act  for  the  regulation  of  Municipal  Corporations 
'  in  Ireland  : ' 

The  term  'county'  shall  include  a  county  of  a  city  and  a 
county  of  a  town  not  being  a  borough ; 

The  term  '  assizes  '  shall,  with  respect  to  the  county  of  Dublin, 
mean  '  presenting  term  : ' 

The  term  '  treasurer  of  the  county '  shall  include  any  person  or 
persons  or  bank  in  any  county  performing  duties  analogous 
to  those  of  the  treasurer  of  the  county  in  counties,  and,  with 
respect  to  the  county  of  Dublin,  it  shall  mean  the  finance 
committee : 
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The  term  'police  constable'  shall  mean,  with  respect  to  the     a.d.  1875. 
police  district  of  Dublin  metropolis,  constable  of  the  Dublin 
Metropolitan  Police,  and  with  respect  to  any  other  part  of 
Ireland,  constable  of  the  Koyal  Irish  Constabulary. 

35.  This  Act  shall  commence  on  the  first  day  of  October  one  Commence- 
thousand  eight  hundred  and  seventy-five.  ^^^J'  °^ 

36.  This  Act  may  be  cited  as  '  The  Sale  of  Food  and  Drugs  Title  of  the 
Act,  1876.' 


Sl2 
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A.D.1875.  SCHEDULE. 


FOEM  OF  CERTIFICATE. 

To* 

I,  the  undersigned,  public  analyst  for  the 
do  hereby  certify  that  I  received  on  the  day  of 

18       ,  from  t  ,  a  sample  of 

for  analysis  (which  then  weighed  J  ),  and  have  analysed 

the  same,  and  declare  the  result  of  my  analysis  to  be  as  follows: — 

I  am  of  opinion  that  the  same  is  a  sample  of  genuine 

or, 

I  am  of  opinion  that  the  said  sample  contained  the  parts  as 
under,  or  the  por-centages  of  foreign  ingredients  as  under. 


Observations.  § 


As  witness  my  hand  this  day  of 

A.B., 

at 


*  Here  insert  the  name  of  the  person  submitting  the  article  for 
analysis. 

■j-  Here  insert  the  name  of  the  person  delivering  the  sample. 

j  When  the  article  cannot  be  conveniently  weighed,  this  passage 
may  be  erased,  or  the  blank  maj'  be  left  unfilled. 

§  Here  the  analyst  may  insert  at  his  discretion  his  opinion  as  to 
whether  the  mixture  (if  any)  was  for  the  purpose  of  rendering  the 
article  portable  or  palatable,  or  of  preserving  it,  or  of  improving  the 
appearance,  or  was  unavoidable,  and  may  state  whether  in  excess  of 
what  is  ordinary,  or  otherwise,  and  whether  the  ingredients  or  materials 
mixed  are  or  are  not  injurious  to  health. 

In  the  case  of  a  certificate  regarding  milk,  butter,  or  any  article 
liable  to  decomposition,  the  analyst  shall  specially  report  whether  any 
change  had  taken  place  in  the  constitution  of  the  article  that  would 
interfere  with  the  analysis. 


INDEX. 


ACARirs  FABiNiE,  320  ;  A.  sacchari,  242  ;  A. 
casei,  454. 

Acetic  Acid,  formation  and  occurrence, 
628  ;  properties,  634  ;  determination, 
639.   See  also  722. 

AcETOXE,  227. 

Acid,  determination  of  free,  742. 
Aerated  Waters,  661. 
Ague  caused  by  impure  -prater,  64. 
AliBUJiEJi,  1,  279. 

Alcohol,  properties,  794.  Preparation  of 
absolute  alcohol,  795.  Physiological 
action,  797.  Estimation,  739,  741,  and 
798. 

Alcohol  in  -srine,  719. 

ALCOHOLO METRIC  TABLES,  687,  736,  801. 

Aldehyde,  227. 

Aleurojieter,  286. 

Allen,  Mr.  A.  H.,  on  the  adulteration  of 
tea,  126. 

Allspice,  581. 

Alluvial  Waters,  68. 

Alum,  the  employment  of,  in  the  manufac- 
ture of  bread,  343,  348  ;  detection  in 
bread,  830. 

Alumina,  estimation  in  water,  85. 

Asimonia,  method  ep  Water  Analysis, 
74.  Free  and  albuminoid  ammonia,  75, 
76. 

Amootillado,  766. 

Analysis  of  Water,  68. 

Anchovies,  definition  of  adulteration,  486  ; 
generic  characters,  486,  Jig.  138.  Adul- 
terations of  anchovies,  489.  Samples 
tested  for  lead,  490.  Detection  of  the 
adulterations  of  anchovies,  491.  Dutch 
fish,  491.  French,  491.  Sicilian,  491. 
Detection  of  Venetian  red  and  bole  arme- 
nian,  492. 

AuiLiNE  dyes  used  to  colour  sugar  confec- 
tionery, 258. 

Annatto,  615  ;  definition  of  adulteration, 
615  ;  derivation  and  preparation,  616 ; 


stracture  of  the  seed,  616,  fig.  201, 
Composition  of  annatto,  616  ;  adultera- 
tions, 618,  fgs.  202,  203.  Eesults  of 
the  examination  of  samples,  618 ;  analyses 
of  the  ash,  620  ;  the  presence  of  lead,  621. 
Mr.  Wakley  on  the  adulterations  of,  622. 
Employment  in  cheese,  623.  Detection  of 
the  adulterations  of  annatto,  623.  Or- 
ganic adulterations,  623.  Inorganic 
624.  Method  for  the  detection  of  the 
mineral  adulterations,  624.  Warrington's 
process  for  the  estimation  of  minute 
quantities  of  copper,  626. 

Apples,  composition,  708. 

Arrowroot,  definition  of  adulteration, 
363.  Maranta  arrowroot,  364  ;  prepara- 
tion, 364 ;  character  of  the  starch- 
corpuscles,  366,  fig.  110.  Oanna,  or  Tous  les 
Mois  arrowroot,  366  ;  preparation,  366  ; 
characters  of  the  starch  corpuscles,  367, 
fig.  Ill,  Curcuma  arrowroot,  367  ;  pre- 
paration, 369 ;  characters  of  the  starch 
corpuscles,  368,  fig.  112,  Tacca  arrow- 
root, 369  ;  preparation,  369 ;  characters 
of  the  starch  corpuscles,  370,  fig.  113. 
Manihot,  Tapioca,  or  Brazilian  arro^^Toot, 
370  and  381  ;  characters  of  the  starch 
corpuscles,  370.  Potato  arrowroot,  371 ; 
preparation,  371 ;  characters  of  the 
starch  corpuscles,  371,  fig.  114.  Maize 
arrowroot  or  cornflour,  372.  Rice  arrow- 
root, 372.  Arum  arrowroot,  372  ;  charac- 
ters of  the  starch  corpuscles,  Z72,fig.  115, 
The  adulterations  of  arrowroot,  373, 
Eesults  of  the  examination  of  samples, 
374  ;  the  detection  of  the  adulterations  of 
arrowroot,  374, 

AiiSENic  in  sugar  confectionery,  254  ;  in 
cheese,  453, 

Ahum  ARitownooT,  372, 

Ash,  analysis  of,  110, 

ASPARAGIN,  605, 
AfiSAMAR,  228, 
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Bakcn'G  Powdeh,  345. 
Barley  Flour,  292. 

Bartlett,  Mr.  H.  C,  on  the  adnlteration  of 

tea,  126  ;  of  cocoa,  219. 
BEAifS,  composition,  383. 
Beer.   See  Malt  Beveragea  and  Appendix, 

830. 

Berthelot's  formula  for  the  estimation 

of  ethers  in  wine,  747. 
Biscuit,  value  as  food,  5. 
Blending  op  Wine,  763. 
Bordeaux  Wines,  780. 
Bouquet  of  wine,  725. 
Bran,  from  wheat,  282. 
Brandt,  803. 

Brass,  cooking  utensils  made  of,  821. 

Brazilian  Arrowroot,  381. 

Brfad,  composition,  5. 

Bread,  definition  of  adulteration,  332 ; 
manufacture,  332  ;  fermented  or  leavened, 
332  ;  unfermented  or  unleavened,  332  ; 
home-made  bread,  332  ;  leaven,  333. 
Yeast,  or  the  yeast  plant,  334  ;  brewers' 
yeast,  334 ;  German,  33-5  ;  patent.  335j 
fit;.  102.  Discovery  of  the  development 
of  the  yeast  plant,  336.  First  stage,  or 
that  of  sporules.  340,  fiij.  103 ;  second 
stage,  or  that  of  th  alius,  340,  figs.  104 
and  105  ;  third  stage,  or  that  of  aerial 
fructification,  340,  Jii/s.  106  and  107. 
Modus  ojjerandi  of  yea-st,  342  ;  employ- 
ment of  alum,  343 ;  the  use  of  lime 
water,  344 ;  sulphate  of  copper,  344. 
tfnleavened  or  unfermented  bi-ead,  345. 
Baking,  egg  and  mustard  powders,  345. 
Aerated  bread,  346  ;  the  analysis  of 
bread,  347  ;  adulterations,  347 ;  with 
water,  348  ;  mashed  potatoes,  348  ;  boiled 
rice,  348  ;  alum,  348  ;  sulphate  of 
copper,  352 ;  with  other  adulterants, 
352.  Results  of  the  examination  of 
numerous  samples  of  bread  for  alum, 
352.  Detection  of  the  adulterations  of 
bread,  352.  Detection  of  the  organic 
adulterations,  353,. /fjc.  108  ;  of  bono  dust, 
354.  The  detection  of  the  inorganic 
adulterations,  354 ;  alum,  354  ;  sulphate 
of  copper,  357. 

Buckwhkat,  308, 325. 

Bunt,  310. 

Burgundy  Wine,  780. 

Butter,  value  as  food,  5. 

Butter,  definition  of  adulteration,  428 ; 
methods  of  preparation,  428  ;  composi- 
tion, 429  ;  analysis,  429  ;  occurrence  of 
crystals,  429  ;  the  adulterations,  430  ; 
with  water,  430  ;  starch,  430  ;  curd,  430  ; 
animal  fat,  431.  Results  of  the  examina- 
tion of  samples,  431.  Table  of  analyses, 
432.  Detection  of  the  adulterations, 
433  ;  estimation  of  water,  433  ;  detection 
and  estimation  of  starch,  434  ;  salt,  434  ; 
curd,  434  ;  foreign  fats,  435.  Evidence 
before  the  Committee  on  Adulteration  in 
1874,  435.  Separation  of  stearin  and 
polmitin  from  olein,  436 ;    determina-  | 


tion  of  the  fusing  points,  439.  Dr. 
Hassan's  method,  441,  Ji(j.  133.  Tables  of 
points  of  fusion  of  butter,  &c.,  442. 
Messrs.  Angell  and  Hehner's  method  of 
butter  analysis,  446. 


Cabbage,  value  as  food,  5. 
Cadbury,  Mr.  S.,  evidence  on  the  adnltera- 
tion of  cocoa,  218. 
CiENURUS  Cerebralis,  480. 
Caffeine,  percentage  in  coffee,  149. 
Calculation  of  result.?  of  wateranalysis,87 
Cane  Sugar,  estimation,  233. 
C ANNA,  or  TOUS  LES  Mois  Abuowkoot,  366. 

Cape  Wine,  776. 
Capficin,  544. 
Capsicum,  .541. 

Carbonic  Acid,  in  water,  estimation  of 
combined,  86  ;  of  free,  667. 

Cardamom  Seeds,  591 ;  composition,  591 ; 
form  and  structure,  591 ,  fig.  191. 

Carrots,  value  as  food,  5. 

Casein,  279,  390. 

Cassava,  or  Tapioca,  379. 

Cassia,  composition  and  structure,  566, 
figs.  177, 178,  and  179  ;  adulterations,  568. 
Detection  of,  569. 

Cayenne,  or  Capsicum,  .543  ;  definition  of 
adulteration,  543.  Different  kinds  of 
Cayenue,  543  ;  composition,  544.  Capsi- 
cin,  .544  ;  structure  of  the  capsiciun  berry 
or  fruit,  Sib,  Jigs.  162,  163,  164,  165,  166, 
and  167  ;  the  adulterations  of  Cayenne, 
5iT,flg.  168.  Results  of  the  examination  of 
samples,  547  ;  red  lead  and  mercury  in, 
548 ;  case  of  poisoning  with  adulterated 
Cayenne,  550.  Detection  of  the  adultera- 
tions, 551 ;  of  lead,  551 ;  bisulphuret  of 
mercury,  552. 

Cellulose,  estimation,  110. 

Cerealia,  280. 

Chalk,  waters  from,  67. 

Champagne,  781. 

CiLiHLOCK,  625. 

Cheese,  value  as  food,  5 ;  definition  of 
adulteration,  448  ;  manufacture  of,  448 ; 
modus  operandi  of  rennet,  449  ;  compo- 
sition, 450  ;  analyses,  450  ;  ash,  451 ; 
analysis,  451 ;  estimation  of  water,  451  ; 
fat,  451 ;  casein,  451  ;  sugar,  451 ;  ash, 
451  ;  ammonia,  452 ;  volatile  acids,  452. 
The  adulterations  of  cheese,  452;  colouring 
with  annatto,  452 ;  flavouring  with  herbs, 
452 ;  adulteration  with  jwtatoes,  452  ; 
bean  meal,  453  ;  Venetian  red  and  reddle, 
453  ;  contamination  with  sulphate  of 
copper  and  arsenic,  453.  Results  of  the 
examin.ation  of  samples,  453  ;  the  cheese 
acarus,  454,  figs.  134  and  135  ;  cheese  fly, 
454 ;  cheese  maggot,  or  jmnpers,  456. 
Detection  of  the  adulterations,  456  ;  of 
potato,  456;  bean  meal,  457  ;  animal  fats. 
457  ;  Venetian  red,  457  ;  sulphate  of  cop- 
per and  arsenic,  467. 

Chicory,  definition  of  adulteration,  173  ; 
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the  chicory  plant,  173  ;  composition  of 
chicory,  174 ;  analyses,  174  ;  composition 
of  the  ash,  175 ;  structure  of  oliicory 
root,  176,  Jiffs.  43,  44,  and  45  ;  properties 
of  chicory,  178  ;  chicory  and  coffee  con- 
trasted, 181 ;  adulterations  of  chicory, 
182,  figs.  46  and  47  ;  vnth  Hambro'  pow- 
der, coffee  flights,  and  all  the  articles 
foimd  in  adulterated  coffee,  182.  Eesults 
of  the  examination  of  samples,  185. 
Detection  of  the  adulterations  of  chicory, 
18G;  ignorance  of  the  Excise,  18G.  Detection 
of  adulterations  by  the  colour  and  specific 
gi-avity  of  the  infusion,  187 ;  by  the 
presence  of  glucose  or  grape  sugar,  187  ; 
by  the  quantity  of  silica  in  the  ash,  187  ; 
nitrogen  in  coffee  and  chicory,  189.  De- 
tection of  the  adulterations  of  chicory,  189  ; 
by  the  microscope,  189.  Detection  and 
estimation  of  starch,  189 ;  of  Venetian 
red  or  reddle,  190. 
Chillies,  543. 

Chloride  of  Soditim,  use  of,  3. 

Chi  omne,  detennination  in  water,  83  ;  in 

wine,  751. 
Chocolate,  210. 

Cholera,  caused  by  impure  water,  G4. 

Cider  and  Perry,  708  ;  definition  of  adul- 
teration, 708  ;  varieties  and  composition 
of  the  apple,  708 ;  specific  gravity  and 
amount  of  sugar  in  the  juice,  709;  com- 
position of  the  ash,  709 ;  manufacture  of 
cider,  710 ;  pen-y,  712  ;  adulterations  of 
cider,  712  ;  occurrence  of  lead  in,  712. 
Eesults  of  the  analyses  of  samples,  713  ; 
analysis  of  cider,  714. 

CiNKArac  Acid,  662. 

CiNNAJiON,  method  of  gathering,  561 ; 
composition  of  cinnamon,  562  ;  structure, 
56Z,figs.  175. 176,  and  177  ;  adulterations, 
568.   Dettction  of  the  adulterations,  569. 

Cirnic  AcrD,preparation  and  properties,650. 

Classification  o»  Adulteration,  839 

Clay  Watehs,  68. 

Cloves  and  their  adulterations,  574  ;  deri- 
vation of  the  name,  574 ;  composition  of 
the  clove,  575  ;  light  oil  of  cloves,  576  ; 
heavy  oil,  577  ;  structure  of  the  clove, 
577,  j?5rs.l82,183,  and  184  ;  adulterations, 
580.  Results  of  the  examination  of 
samples,  580.  Detection  of  the  odultera- 
tions,  680. 

Cocoa,  soluble,  207. 

Cocoa,  definition  of  adulteration,  191  ; 
the  cocoa-tree,  191  ;  cocoa  beans,  191 ; 
composition  of  cocoa,  192.  The  author's 
analyses,  193  ;  volatile  oil  and  theobro- 
mine, 1 93;  bitter  and  astringent  principles, 
194 ;  fatty  matter,  194  ;  starch,  194  ;  cocoa 
red,  194 ;  the  shells  or  husks  of  cocoa, 

194  ;  percentage  of  husk,  195  ;  amount 
of  mineral  matter  in  husks  and  beans, 

195  ;  composition  of  the  ash  of  the  bean, 
196 ;  analyses  of  cocoa,  197 ;  estima- 
tion of  gum,  197  ;  starch,  197  ;  fatty 
matter,  197 ;   theobromine,  197 ;  the 


albuminous  substances,  198  ;  cocoa  red, 
198  ;  of  mineral  matters,  198  ;  structure 
of  the  cocoa-bean,  198, ^.(/s.  48, 49,  50,  51, 
52,  53,  and  54  ;  properties  of  cocoa,  204  ; 
adulterations,  205.  Do  sugar  and  starch 
render  cocoa  soluble  ?  207 ;  kinds  of 
starch  employed,  208  ;  quality  of  sugar 
employed,  208  ;  adulteration  with  animal 
fat,  208  ;  chicory,  208  ;  cocoa  husks,  208  ; 
Venetian  red  and  other  ferruginous 
earths,  209  ;  chalk,  209.  Besults  of  the 
examination  of  samples,  209  ;  chocolate, 
210.  Results  of  the  examination  of 
samples,  210.  Detection  of  the  adultera- 
tions of  cocoa,  211 ;  of  starch  by  the 
microscope,  211 ;  wheat  flour,  potato 
flour,  sago  meal,  212,  figs.  55,  56,  and  57. 
Indian  corn.  East  Indian  and  West 
Indian  arrowroots  and  tapioca,  213,  fig. 
59.  Tons  les  Mois,  2\i,fig.  58  ;  estimation  ■ 
of  storch,  214.  Detection  and  estimation 
of  sugar,  216.  Detection  of  foreign  fat, 
216  ;  mineral  substances,  217.  Ignorance 
of  the  Excise  as  regards  cocoa,  217 ; 
evidence  before  the  Parhamentory  com- 
mittee in  1874,  218. 
COCCULUS  INDICUS,  690. 

Coffee,  definition  of  adulteration,  145 ; 
description  of  the  coffee  tree,  145  ;  com- 
position of  coffee,  146  ;  fatty  matter,  147  ; 
caffeine,  147 ;  cane  sugar,  147  ;  per- 
centages of  nitrogen,  148  ;  caffeic  acid, 
148  ;  caffeine,  148  ;  quantity  of  caffeine, 
149 ;  comparative  analyses  of  tea  and 
coffee,  149  ;  proportion  of  soluble  mattet 
in  coffee,  150  ;  the  leaves  of  coffee,  150  ; 
composition  of  the  ash  of  coffee,  150 ; 
analyses  of  ash,  161  ;  properties  of  coffee, 

151  ;  ditto  of  volatile  oil,  152  ;  caffeic  acid, 

152  ;  caffeine,  152  ;  the  analysis  of  coffee, 

153  ;  estimation  of  fixed  oil,  153  ;  sugar, 

163  ;  structure  of  the  coffee  seed,  164, 
figs.  32,  33,  34,  and  35  ;  '  coffee  flights,' 

154  ;  adulteraldons  of  coffee,  155,  fig.  36 ; 
with  chicory,  155,  fig.  37.  Coffee  and 
chicoiy  contrasted,  i58 ;  adiUteration 
with  roasted  grain,  159,  ^grs.  40,  41,  and 
42  ;  roasted  roots,  159,  figs.  38  and  39  ; 
baked  liver,  159 ;  bvirnt  sugar,  160 ; 
Venetian  red,  160.  Results  of  the  exam- 
ination of  samples,  160  ;  grand  names  of 
adulterated  coffees,  161  ;  other  adultera- 
tions of  coffee,  162.  Detection  of  the 
adulterations,  162 ;  by  the  physical 
characters,  162  ;  by  the  specific  gravity 
of  the  infusion,  163;  table  of  specific 
gr,avities,  164  ;  by  the  quantity  of  sugar, 

164  ;  by  the  composition  of  the  ash,  165. 
Detection  of  chicory,  166  ;  mangold  wur- 
zel,  167  ;  carrot  and  parsnip,  167 ;  wheat 
flour,  &c.,  167  ;  bean  flour,  169 ;  roasted 
and  ground  acorn,  170  ;  sawdust,  170  ; 
caramel  or  burnt  sugar,  171 ;  Venetian 
red,  171  ;  silica,  171. 

Coffee  and  Chicory  contrasted,  158, 181. 
Coffee  Leaves,  150. 
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Coffee  Seed,  structure,  154 
Cognac,  803. 

Collection  op  Samples  of  Water,  68. 
Colostrum,  410. 

CoLouiUNS  Matter  op  Wine,  detection, 
787. 

Cones  Flour,  322. 

Copper,  in  bread,  844  ;  in  cheese,  453  ;  in 
liquorice,  609  ;  in  sugar  confectionery, 
263  ;  in  preserves  and  jellies,  504  ;  in 
walnut  catsup,  G60 ;  in  tea,  131 ;  in 
pickles,  645.  Detection  and  estimation, 
647  ;  estimation  of  copper  in  water,  90  ; 
copper  derived  from  the  vessels  used  in 
cooking,  821. 

Coriander  Seeds,  589  ;  composition  and 
structure,  5m,  fig.  190. 

Corn  Flour,  302. 

Corrosive  Sdbumate  in  vinegar,  636. 

Cow-wheat,  325. 

CliEAM,  396. 

Creamometer,  414. 

Creatine  and  CitEATiNDrE,  2. 

CuAUN  Seeds,  593  ;  structure,  594,  fig.  192. 

Curcuma  Arrowroot,  367. 

CuncuMiN,  599. 

Curry  Powder,  589  ;  definition  of  adul- 
teration, 689;  composition,  589.  Coriander 
seeds,  589  ;  cai-damom  seeds  or  grains  of 
paradise,  591  ;  cimiin  seeds,  593  ;  fenu- 
greek seeds,  594 ;  adulteration  of  curry 
powder,  596.  Eesults  of  examination 
of  samples,  S96  ;  lead  in  curry  powder, 
597.    Detection  of  the  adulterations,  698. 

Cjsticercus  Gellulosus,  480. 


Darnei.,  316. 

Depinitiok  op  Adulteration  in  general, 
830. 

Deplastbring  of  wine,  759. 
Dextuose,  or  Dextroglucose,  220,  292. 
Diarhhosa,  caused  by  impure  water,  63. 
Dlastase,  properties  and  preparation,  672. 
Diets,  table  for  calculating,  5. 
DlLATOMEl-ER,  alcoholomctric,  800. 
Distilled  Water,-  17. 
DiSTOiLA.  Hbpaticum,  4S1. 
DURRA,  328,  382. 

Dysentery,  caused  by  impure  water,  63. 
Dyspepsia,  caused  by  impure  water,  63. 


Ear  Coccle,  Purples  or  Pepper  Corn,  318. 

Ebuliioscope,  800. 

Eggs,  value  as  food,  5. 

Entozoa,  derived  from  impure  water,  65. 

Ergot,  311  ;  ergotin,  312. 

Ehvalenta,  382. 

Essences,  artificial,  255. 

Essentia  Bina,  689. 

Ethers  in  Wine,  estimation,  746. 

Eugenic  Acid,  577. 

Excise,  the  chemical  department  of,  867. 
Extenuation  op  Adulteration,  excuses 
urged  in,  834. 


Fat,  composition,  3. 

Fenugreek  Seeds,  594;  structure,  594 

figs.  193  and  194. 
Fibrin,  1,  279. 

Pii.TiiATioN,  the  purification  of  water  by 
means  of,  35. 

Finings,  678. 

Flour,  value  as  food,  5. 

Flour,  definition  of  adulteration,  276;  com- 
position, 276  ;  wheat  flour,  276  ;  composi- 
tion of  wheat  flour,  277;  crude  gluten,  277- 
gluten.  278;  fibrin, 279;  casein,  279;  albu- 
men, 279  ;  cerealin,  280  ;  starch,  280  ;  per- 
centage composition  of  wheat  and  wheat 
fiom-,  281  ;  wheat  bran,  282 ;  ash  of 
wheat,  283  ;  analysis  of  flour,  285  ; 
determination  of  .  gluten,  glutin,  and 
fibrin,  285  ;  albumen  and  casein  or  mucin, 
286  ;  estimation  of  total  nitrogen,  286  ; 
starch,  sugar,  and  dextrin,  286;  oil, 
water,  and  mineral  matters,  286  ;  struc- 
tm-e  of  the  grain  of  wheat,  287,  figs.  72 
and  73  ;  baked  wheat  flour,  290,  fig.  74  ; 
British  gum  or  dextrin,  292  ;  barley  flour, 

292  ;  chemical  composition,  293  ;  hordein, 

293  ;  analyses  of  bai-ley,  293  ;  ashes,  293  ; 
the  analysis  of  barley,  294  ;  structure  of 
the  grain,  294.  fi.<is.  75  and  76  ;  rye  flour, 

294  ;  analyses  of  rye,  295  ;  of  rye  flour, 

295  ;  ash  of  rye,  296  ;  structure  of  the 
grain  of  rye,  290,  ngs.  77  and  78  ;  oat 
flour,  297  ;  groats,  297  ;  analyses  of  oats, 
298  ;  Scotch  oat,  299,  ash  of  oats,  299  ; 
stracture  of  the  grain,  299,  figs.  79  and 
80  ;  Indian  corn  flour,  302  ;  analyses  of 
maize,  303  ;  ash,  303  ;  structure  of  the 
gi-nin,  304,  figs.  81  and  82  ;  rice  flour, 
305  ;  composition  and  value,  305  ;  analy- 
ses, 306  ;  ash,  306  ;  structure  of  the 
grain,  306,  ngs.  83  and  84  ;  composition 
of  the  chief  cereal  gi-ains,  mean  analyses  of 
the  grains  and  their  ashes,  308  ;  parasitic 
diseases  of  the  cereal  grains,  310  ;  bunt, 
smut  bolls,  or  pepper  brand,  310,  fig.  85  ; 
ergot,  311.  fig.  86 ;  structure  of  ergot, 
311  ;  ergotin.  312 ;  test  for  ergot,  312  ; 
rust,  red  rag.  red  robin,  or  red  gum,  313, 
fi^.  87 ;  puccinia  graminis,  313,  figs.  88 
and  89  ;  smut,  or  dust  brand,  314  ;  mil- 
dew, 314  ;  penicilMum  glaucum,  315  ;  P. 
citophilum,  P.  roseum,  315 ;  fermentum 
cerevisii,  316,  fig.  90  ;  oidium  aiu-antia- 
cum,  31G,,;fg.  91 ;  vibriones,  316,  fig.  93  ; 
the  bearded  or  poisonous  darnel,  316, 
fig.  92  ;  efllects  on  man,  316  ;  microscopic 
examination  of,  318  ;  test  for,  318  ;  the 
weevil,  318  ;  ear  coccle,  purples  or  jwppcr 
corn,  318 ;  wheat  midge,  319  ;  acarus 
farinse,  320,  figs.  94  and  .95  ;  the  adulter- 
ations of  flqur,  320  ;  with  bean  meal,  320  ; 
rice  flour,  321  ;  barley,  rye,  Indian  corn, 
and  potato  flours,  322 ;  peas  and  d.iri, 
322 ;  the  adulterations  of  cones  flour, 
322,^.  96  ;  other  adulterations  and  con- 
taminations of  wheat  flour,  325  ;  mineral 
adulterations,  325.   Detection  of  the  adul- 
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terations,  326.  Detection  of  the  organic 
adulterations,  327,  figs.  99  and  100  ;  of 
bean  flour,  327,  fi<js.  97  and  98  ;  barley 
flour,  327  ;  durra,  328 ;  structure  of 
durra,  328,  fi(j.  101  ;  bone  dust,  329.  De- 
tection of  the  inorganic  adulterations, 
329  ;  carbonate  of  soda,  331 ;  alum,  331  ; 
sulphate  of  copper,  331. 

Food,  its  functions  and  quantity,  1 ;  com- 
position of  animal  substances,  1 ;  quan- 
tities required,  4  ;  table  for  calculating 
diets,  5 ;  relative  digestibility,  6. 

FoRinc  Acid,  detection,  746. 

Fortification  of  Wine,  761. 

Frankland's  Method  of  water  analysis,77. 

Frankland's  and  Wankltn's  Method  of 
water  analysis  compared,  80. 

Fruits  and  Vegetables,  bottled,  493  ; 
definition  of  adulteration,  493  ;  unnatural 
green  colour  of  many  samples,  493. 
Eesiilts  of  the  analyses  of  samples,  493  ; 
sulphate  of  copper  or  blue  stone,  494. 
Detection  of  the  adulterations,  496. 

FuxGDs,  the  Vinegar,  631. 

FURPUHOL,  228. 

Fusel  Oil,  795.  Detection,  803. 


Galactometer,  411. 
Galactose,  221,  392. 

Gall's  tkeatment  of  the  must  of  wine, 
754. 

Gaseocs  constituents  of  water,  19  ;  esti- 
mation, 84. 
Gelatin,  1. 

Gelatin,  definition  of  adulteration,  470 ; 
preparation,  470  ;  properties,  472  ;  de- 
compositions, 473 ;  the  adulterations,  473. 
Detection  of  the  adulterations,  473  ;  of 
sugar,  473. 

Geological  formation,  influence  on  the 

composition  of  water,  67. 
Gin.    See  Spirituous  Liquors,  809. 
Ginger,  the  ginger  plant,  554 ;  composition 

of  ginger,  555  ;  structure,  555,  figs.  169, 

170,  and  171  ;  the  adulterations,  558, /</.«. 

172, 173,  and  174.  Detection  of  the  aidul- 

terations,  559. 
Ginger,  on  the  bleaching  of,  Appendix,  828. 
Ginger  Beer,  664. 
Globuun,  1. 

Glucose,  composition,  3  ;  estimation,  232. 
Gluten,  277. 
Glutin,  278. 

Glyceiun,  719  ;  determination,  739. 
GLycvRitHETrN,  605. 
Glycyruhizin,  604. 

GolTRE,  caused  by  the  use  of  impure  water, 
65. 

Gram,  308. 

Granitic  Waters,  67. 
Gr,vpes,  composition,  716. 
GiLiVVEYARDS,  Water  from,  68. 
Guoats,  297. 
Grocers'  Itch,  244. 
Gum,  estimation,  HO. 


Hambro'  Powder,  183. 

HA1U3NESS  of  Water,  20  ;  estimation,  88. 

HiPPURic  Acid,  2. 

Hock,  sparkling,  782. 

Honey,  definition  of  adulteration,  26 li ; 
composition,  266  ;  analyses,  266  ; 
poisonous  honey,  267  ;  crystals  of 
honey,  with  pollen  granules,  268,  figs. 
69  and  70  ;  the  analysis,  270 ;  bees'  wax, 
271 ;  other  kinds  of  wax,  271 ;  the 
composition  of  wax,  272 ;  the  adnl- 
terations  of  honey  and  wax,  272.  Detec- 
tion of  the  adulterations  of  honey,  272  ; 
honey  adulterated,  with  loaf  sugar,  273, 
Ay.  71.  Detection  of  the  adulterations  of 
wax,  275. 

Hops,  derivation  and  preparation, 
673;  structure  of  seed,  figs.  205  and 
206;  composition,  676 ;  composition  of 
lupulinic  grains,  676  ;  analyses  of  ash  of 
hops,  678  ;  properties  of  hops,  678.  Detec- 
tion of  the  adulterations,  707. 

HORDEIN,  293. 

Hydrocyanic  Acid,  detection,  81S. 


Importance  of  the  snljject  of  adulteration, 
848. 

Impure  Water,  analyses,  59  ;  a  source  o£ 
disease,  61. 

Indian  Corn  Flour,  302. 

Indigo,  detection  of.  in  tea,  142. 

Iron,  use  of,  in  blood,  3. 

Iron,  estimation  in  water,  85 ;  in  tea,  111. 

Iron,  sulphate,  in  tea,  132. 

Isinglass,  definition  of  adulteration,  464  ; 
different  kinds  of  isinglass,  464 ;  manu- 
facture, 465 ;  adulterations,  466.  Re- 
sults of  the  examination  of  samples, 
466.  Detection  of  the  adulterations,  466, 
fi{/.^$^  ;  the  ash,  468.  BraziUan  isinglass, 
469.  Blanc-mange,  469. 


Jellies  axd  Preserves,  600.  ' 
Jerupiga,  776. 
Jumpers,  in  cheese,  456.  • 

Komnss,  396. 

Lactic  Acid,  in  the  gastric  juice,  3 
Lactose,  372. 

L.-3VUL0SB,  or  LiEVOGLUCOSE,  220. 

Lard,  definition  of  adulteration,  459  ;  pre- 
paration of  lard,  459  ;  the  adulterations, 
460;  with  water  and  starch,  460,  fig. 
136  ;  alum,  460.  Eesults  of  the  examina- 
tion of  samples,  461.  Detection  of  the 
adulterations  of  lard,  462 ;  water,  462  ; 
starch,  462 ;  determination  of  saline 
matter,  463. 

Lead,  in  water,  65  ;  action  of  water 
on,  66 ;  estimation  in  water,  90 ; 
Detection,  551 ;  lead  in  annatto,  621 ;  in 
curry  powder,  597  ;  In  cider,   712  ;  in 
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wine,  7C4;  in  mm,  808,  in  gin,  810. 

Detection  of  lead  in  gin,  810. 
Leaven,  333. 
Legdmin-,  383. 
Lemonade,  G63. 

Lbmon  and  Liiffl  Juices,  G49  ;  definition 
of  adulteration,  649 ;  sources  and  com- 
position, 649.  Citric  acid,  preparation  of, 
650  ;  properties  of,  651  ;  the  adulterations 
of  lemon  juice,  652;  with  water,  sugar, 
tartaric  acid,  sulphuric  acid,  652  ; 
hydrochloric  and  nitric  acids,  653  ;  facti- 
tious lemon  juice,  653.  Detection  of  the 
adulterations  of  lime  and  lemon  juices, 
653  ;  determination  of  acidity,  654.  Detec- 
tion of  citric  and  malic  acids,  654  ;  total 
solids,  654  ;  nuneral  matter,  654  ;  sugar, 
alcohol,  tartaric  acid,  655 ;  sulphuric 
acid,  hydrochloric  acid,  655  ;  nitric  acid, 
656.  Kesults  of  the  examination  of 
samples  of  lemon  and  lime  juices,  656. 

Lentils,  composition,  383. 

LIA.S  Cr>AY,  waters  from,  67. 

Lib  Tea,  114. 

Lime,  estimation  in  water,  85. 

Lime  Jdice,  649. 

LtMESTONE,  waters  from,  67. 

LiNSEKD  Meal,  structure,  .540. 

LiQSTEuniNa  OP  Champagne,  783. 

LiQUOiacE,  603  ;  definition  of  adulteration, 
603  ;  forms  and  names  under  which  it  is 
met  with,  603;  constituents  of  the  root, 

603  ;    composition,    604 ;  glycyrrhizin, 

604  ;  asparagin,  605  ;  structui-e  of  liquor- 
ice, 605,  figs.  197, 198,  and  199  ;  adultera- 
tions, 607 ;  contamination  with  copper, 
609.  Results  of  tlie  examination  of 
samples,  609.  Detection  of  the  adultera- 
tions, 613,  fi^.  200 ;  separation  of  cane 
sugar  and  glycyrrhizin,  614. 

LiVEii,  baked,  adulteration  of  coffee  with, 
159. 

Living  Organisms  in  potable  water,  37. 
Logwood,  777 ;  logwood  test  for  alum,  830, 
LuPULiN,  677. 

LuPBLiNic  GuAlNS,  composition,  676. 


Mace  and  its  a<iulterations,  573  ;  true  and 
false  mace,  573  ;  composition,  574  ;  struc- 
ture, 674,  fig.  181  ;  the  adulterations, 
574.  Results  of  the  examination  of 
samples,  574. 

MADEDiA,  774  ;  manufacture  and  adultera- 
tion, 775. 

Magnesia,  estimation,  85. 

MA-IZE,  value  as  food,  5. 

Maize  Akhowroot,  372. 

Malarious  Fever,  caused  by  impure 
water,  64. 

Mauc  Acid,  detection,  654,  744 ;  occurrence 

in  wine,  721. 
Malt  Beverages  and  their  adulterations, 

669 ;   definition  of  adulteration,   669  ; 

malt,  670 ;  the  process  of  malting,  670 ; 

pale,  amber,  and  brown  or  black  malt, 


671  ;  diastase,  672  ;  preparation,  672 ; 
maltose,  672  ;  hops,  673;  preparation 
for  use,  673  ;  analyses  of  hops,  676  ;  of 
Inpulinic  grains,  676 ;  lupulite  or  true 
lupulin,  677  ;  analyses  of  ash  of  hops, 
678 ;  properties  of  hops,  678  ;  finings, 
678  ;  the  brewing  of  beer,  679  ;  prepara- 
tion and  fermentation  of  the  wort,  679  ; 
top  and  bottom  fermentation,  680; 
quality  of  the  water  used,  680  ;  analyses 
of  the  water  used  by  Messrs.  Allsopp  and 
Co.,  and  Messrs.  Bass  and  Co.,  681 ; 
analyses  of  the  beer  brewed  by  these 
brewei-s,  682  ;  the  analysis  of  beer,  682  ; 
determination  of  the  specific  gravity,  682; 
of  the  sugar,  dextrin,  and  gum,  683  ; 
bitter  extractive,  683  ;  total  soUds,  6S3  ; 
table  of  specific  gravity,  and  strength 
of  malt  extract,  684!  Observations 
of  Messrs.  Graham,  Hofmanu,  and 
Redwood,  685.  Tables  to  ascertain  the 
original  gravity  of  the  wort,  686  ;  de- 
termination of  mineral  matter,  687  ; 
of  alcohol,  687  ;  table  of  specific  gravity 
and  strength  of  spirits,  687  ;  carbonic 
acid,  688 ;  the  adulterations  of  malt 
beverages,  688  ;  with  water.  689  ;  cane 
sugar,  689  ;  liquorice,  689  ;  burnt  sugar, 
cai'amel,orcssentia  bina,  689;  vegetable 
bitters,  689  ;  picric  acid,  690 ;  oocculus 
indicus,  690  ;  strychnin,  691  ;  extraction 
and  properties  of  strychnin,  691  ;  analy- 
ses of  beer  for  strychnin,  692  ;  narcotics, 
693  ;  carminatives.  693  ;  mineral  adul- 
terants, 693  ;  addition  of  salt  and 
sulphate  of  iron,  694  ;  evidence  as  to  the 
adulteration  of  beer,  694.  Mr.  Child's 
receipt  for  making  porter,  696  ;  the 
adulteration  of  malt  and  hops,  698. 
Results  of  the  examinationsof  porter  and 
stout,  698  ;  ignorance  of  the  Excise,  700. 
Detection  of  the  adulterations  of  malt 
beverages,  700  ;  determination  of  added 
water,  700.  Detection  of  cane  sugar,  700  ; 
liquorice,  701 ;  burnt  sugar,  701 ;  vege- 
table bitters,  702.  Mr.  Sorby  on  the 
detection  of  calumba  root,  702.  Detection 
of  picric  acid,  702  ;  picrotoxin,  703;  nux 
vomica  and  strychnin,  opium  and  mor- 
phin,  and  tobacco  and  nicotin,  704.  Mr. 
Rodgers'  process  for  the  detection  of 
strychnin,  705.  Detection  of  carmin- 
atives, 705 ;  estimation  of  sidphat-e  of 
iron,  705  ;  of  alimi,  705  ;  salt,  706  ;  Ume, 
soda,  potash,  and  sulphuric  acid,  706. 
Detection  of  cream  of  tartar,  706  ;  analy- 
ses of  the  ash  of  beer,  706.  Detection  of 
the  adulterations  of  hops,  707. 
Maltose.  072. 

Manihot  Arrowroot,  370,  381. 
Manna,  221. 
Manzanilla,  770. 
Maranta  AuRownooT,  364. 
Marsh  Wateii,  68. 
Marsala,  770. 

McAdam,  Dr.,  on  the  adulteration  of  tea,  127. 
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Meat,  analyses,  5. 

Meat,  unwholesome  and  diseased,  474; 
composition  of  fresh  meat,  474 ;  com- 
position of  the  ash  of  meat,  474; 
general  characters  and  examination 
of  meat,  475  ;  psorospermia,  476  ;  poison- 
ous bvit  not  diseased  meat,  476  ;  poison- 
ous fish,  oysters,  mussels,  &c.,  477  ;  putrid 
meat,  477  ;  sausage  poison,  477  ;  disensed 
meat,  478.  The  diseases  of  cattle,  478  ; 
parasitic  diseases,  480  ;  cysticercus  cellu- 
losus,  480  ;  teenia  soUum,  T.  mediocanel- 
lata,  T.  echinococcus,  480  ;  coenunis  cere- 
bralis,  480 ;  trichina  spiralis,  480 ;  the  rot, 
fluke,  distoma  hepaticum,  481  ;  stron- 
gylus  fllaria,  482. 

Mkats,  potted  and  fish,  483  ;  definition  of 
adulteration,  483  ;  adulterations,  483. 
Kesults  of  the  examination  of  samples, 
483.  Detection  of  the  adulterations  of 
jjotted  meats  and  fish,  485. 

Mercury,  detection,  552. 

JJlcnoscoPB,  importance  of,  to  detect 
adulteration,  855. 

MiCROZYJiES  in  water,  54. 

Mildew,  314. 

Milk,  value  as  food,  5. 

Milk,  definition,  388 ;  composition  of  milk, 
388  ;  sMm  mUk,  389  ;  butter  milk,  389 ; 
cream,  389 ;  butter,  389 ;  curds  and 
■whey,  389  ;  cream  cheese,  389  ;  ordinary 
cheese,  389 ;  analyses  of  cow's  and 
human  milk,  390 ;  casein,  390  ;  albu- 
men or  lacto-protein,  391  ;  mUk  sugar 
or  lactose,  392  ;  galactose,  392  ;  pre- 
paration of  milk  sugar,  392  ;  compo- 
sition of  fat  of  milk,  393  ;  mineral 
matter,  393  ;  analyses  of  the  ash  of  mUlc, 
393  ;  total  soUds,  394 ;  composition  of 
cream,  395 ;  analyses,  395 ;  preserved 
and  condensed  milk,  395  ;  analyses,  396  ; 
milk  powder,  396  ;  koumiss,  396  ;  analy- 
ses of  mOk,  397  ;  estimation  of  total  sohds, 
398 ;  fat,  398 ;  sugar,  398  ;  casein,  399  ; 
albumen,  399  ;  the  specific  gravity  of 
genuine  milk,  399  ;  table  showing  the 
variations  in  the  specific  gravity  of 
genuine  milk,  400  ;  gravity  of  skim  milk, 
401 ;  ditto  of  the  senun  of  milk,  tables, 
402 ;  variations  in  the  composition  of 
milk,  403  ;  influence  of  age,  403  ;  con- 
dition, 403;  food,  403;  temperature,  404  ; 
the  time  and  frequency  of  milking,  405  ; 
the  housing  of  cows,  407  ;  characteristics 
of  good  milk,  407,  figs.  124,  125,  12B,  and 

127  ;  blue  nulk,  409  ;  colostrum,  410,  fig. 

128  ;  the  apparatus  employed  to  deter- 
mine the  purity  and  quality  of  milk,  411, 
fig.  129 ;  centesimal  galactometer,  411, 
fig.  130 ;  method  of  detenninitig  the 
cream,  414 ;  creamometer,  414,  fig.  131, 
Donn6'3  lactoscope,  417  ;  the  adultera- 
tions of  milk,  418.  Results  of  the  exami- 
nation of  samples,  419  ;  the  adulterations 
of  cream,  420.  Detection  of  the  adultera- 
tions of  milk,  420.   Detection  of  added 


water,  420.  Horsle/s  method  of  analysis, 
424.  Detection  of  sugar,  425  ;  stai'ch,  425  ; 
gum  arable  and  gum  tragacanth,  425, 
cerebral  matter,  426,  fig.  132  ;  chalk,  426  ; 
carbonate  of  magnesia,  427  ;  salt,  427 ; 
lead,  copper,  and  zinc,  427 ;  annatto,  427  ; 
turmeric,  427.  Detection  of  the  adultera- 
tions of  cream,  427. 

Milk  Sugati,  302. 

Millet,  308,  325. 

Millstone  Guit,  waters  from,  67. 

Mineral  Constitctents  of  the  animal 
body,  3  ;  of  water,  18. 

Molasses,  222,  225. 

Moral  bearin(}s  of  adulteration,  853. 

MoRPHiN,  detection  in  beer,  704. 

Moselle  Wine,  784. 

Must,  composition,  716. 

Mustard,  definition  of  adulteration,  510  ; 
prepai-ation,  510 ;  composition,  510 ; 
original  analyses  of  mustard,  511  ; 
myronic  acid,  512  ;  oil  of  mustard,  512  ; 
myrosin,  512  ;  sulphocyanide  of  sinapin, 
512 ;  the  analysis  of  mustard,  513 ; 
estimation  of  myronic  acid,  513  ; 
myi'osin  .and  of  sulphocyanide  of  sinapin, 
513 ;  analyses  of  samples  of  genuine 
mustard  of  different  qualities,  514 ; 
analyses  of  mixed  or  adulterated  mus- 
tard, 515  ;  turmeric  in  mustard,  517  ; 
structure  of  mustard  seed,  517 ;  white 
mustard  seevl,517,^s.  146,  147,  and  148  ; 
black  mustard  seed,  519,  fig.  149  ;  the 
adulterations  of  mustard,  519,  figs.  150  and 
151.  Detfctiun  of  the  adulterations  of 
mustard,  623  ;  of  the  organic  adultera- 
tions, 523  ;  structure  of  sinapis  arvensis 
or  charlock,  525,  fig.  152  ;  of  rape  seed, 
526,  figs.  153,  155,  and  150.  Detection  of 
the  inorganic  adulterations,  528. 

Myronic  Acid,  512. 

Myrosin,  512. 


NICOTTN,  detection  in  beer,  704. 

NiTiiATES  AND  NITRITES,  estimation  in 
water,  77,  80. 

Nitric  Acid  in  water,  33. 

Nitrogen,  estimation  in  tea,  106. 

Nitrogenous  Substances,  composition,  1. 

Nitrous  Acid,  estimation  in  water,  84. 

Nutmegs,  plant  from  which  they  are  ob- 
tained, 570 ;  kinds  of  nutmegs  met  with 
i"".  commerce,  570  ;  nutmeg  insect,  570  ; 
composition  of  nutmegs,  570.  Bonastre's 
analysis,  571  ;  stractiu-e  of  nutmegs, 
571, /jr.  180;  adulterations,  572.  Detec- 
tion of  the  adulterations,  573. 

Nnx  Vomica,  detection  in  beer,  704. 


Oat  Floto,  297. 

Oatmeal,  value  as  food,  5. 

Oatmeal,  definition  of  adulteration,  358  ; 
analyses,  298  ;  composition,  varieties 
and  qualities  of  oatmeal,  358  ;  the  adul- 
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terations  of  oatmeal,  358.  Resalts  of  the 
examination  of  samples,  359.  Properties 
of  oatmeal  and  barley  meal,  360.  Detec- 
tion of  the  adulterations  of  oatmeal,  361 ; 
with  rabble,  361  ;  with  barley  meal, 
3Gl,^5f.  109  ;  with  rice  and  maize,  362. 

CEnanthic  Acid,  723. 

CEnanthic  Ether,  724. 

Opiuji,  detection  in  beer,  704. 

Organic  Acids  in  water,  62. 

Ouganic  CoKSTircENTs  of  water,  19. 


Paradise,  grains  of,  591. 

Parties  guilty  of  adulteration,  838. 

Patents  for  the  preservation  of  food,  10. 

Peas,  value  as  food,  5  ;  composition,  385. 

Pecuniaiiy  Bearings  of  adulteration. 

Penicillium  Glaucum,  315. 

Pepper,  defluition  of  adulteration,  529 ; 
plants  which  yield  pepper,  529 ;  varie- 
ties of  pepper,  530;  composition,  530; 
piperini-,  631  ;  structure  of  pepper,  531, 
figs.  156.  157, 158,  159,  and  160  ;  adultera- 
tions, 537.  Results  of  the  examination 
of  samples,  537  ;  pepper  dust,  538  ; 
artificial  peppercorns,  538  ;  the  presence 
of  mineral  matter  in  pepper,  538 ; 
table  of  analyses  of  pepper  ash,  539. 
Detection  of  the  adulterations  of  pepper, 
5i0  ;  structure  of  linseed  meal,  640, 
fig.  161  ;  ijea  flour,  542.  Detection  of 
pepper  husks,  542  ;  of  factitious  pepper 
berries,  542  ;  of  sulphate  of  lime  and 
bone  dust,  642. 

Peiijianganate  Test,  danger  of  reUamce 
on,  71. 

Perry,  708,  712. 

Petiotised  Wdte,  763. 

Phosphoiuc  Acid,  estimation  in  water,  87  ; 
in  tea,  110  ;  in  wine,  750. 

Pickles  and  their  adulterations,  644; 
definition  of  adulteration,  644;  the 
greening  of  pickles,  645.  Results  of 
analysis  of  samples,  645;  the  addition 
of  coiiper,  646  ;  of  pyrohgneous  acid, 
646.  Detection  of  the  adulterations  of 
pickles,  647.  Detection  and  estimation  of 
copper,  647. 

Picric  Acid,  690  ;  detection,  702. 

PICROTOXIN,  690  ;  detection,  703. 

Pimento,  or  Allspice,  581  ;  composition, 
681  ;  light  oil  of  pimento,  681 ;  heavy 
oil  of  pimento,  581.  Bonnstre's  analyses 
of  pimento  berries,  682  ;  structure  of 
allspice,  5»2,fiys.  185,  186,  187,  and  188  ; 
the  adulterations  of  allspice,  585.  Detec- 
tion of  the  adulterations,  685. 

Pipbhine,  531. 

Plastehing  op  Winb,  756. 

PoLAiuscoPE,  estimation  of  sugar  by 
means  of  the,  234. 

Polenta,  302. 

Pollen  in  honey,  269. 

Pouter.  See  Malt  Beverages,  669. 

Port  Wine  and  its  adulterations,  776  ; 


jerupiga,  776 ;  table  of  analyses  of  port 
wine,  777  ;  Catalan,  778 ;  receipts  for 
the  manufacture  of  spurious  port,  779. 

Potash,  estimation,  111. 

Potash  water,  663. 

Potatoes,  value  as  food,  5. 

Potato  Arrowi?oot,  371. 

Potato  Spirit,  preparation,  818, 

Potato  Sugar,  223. 

Precipitation,  purification  of  water  by,  36. 
Preservation  of  Food,  7  ;  by  elevation  of 
temperature,  7  ;  reduction  of  temperature, 

8  ;  exclusion  of  air,  8  ;  employment  of 
sugar,  8 ;  compression,  8  ;  removal  of 
water,  8  ;  extraction  with  water  and 
subsequent  inspissation,  9  ;    by  alcohol, 

9  ;  acetic  acid,  9  ;  creosote,  9  ;  charcoal, 

10  ;  sulphurous  acid,  10  ;  patents  for  the 
preservation  of  food,  10. 

Preserves  and  Jellies,  500  ;  definition  of 
adulteration,  600 ;  adulterations,  500, 
fig.  139  ;  Oriis  root,  5W,fig.  140.  Results 
of  analyses  of  samples,  603  ;  copper  in 
jams  and  jellies,  604.  Detection  of  the 
adulterations  of  jams,  605,  fig,  141 ;  of 
apple  and  turnip,  5m,figs.  142,143,144, 
and  145  ;  fuchsin,  508. 

Prevalence  op  Addltbration,  causeso 
837. 

Proprietary  Alimentary  Preparations, 
ervalenta,  382,  fig.  121  ;  dari  or  durra, 
382  ;  revalenta,  383,  fig.  122.  Butler  and 
McCuUoch's  prepared  lentil  powder,  383  ; 
Arabian  revalenta,  383  ;  patent  flour  of 
lentils,  383  ;  legimiin,  383  ;  composition 
of  peas,  beans,  and  lentils,  383  ;  farina- 
ceous foods,  386,^9".  123.  Detection  of  the 
composition  of  proprietary  alimentary 
preparations,  387. 

Prussian  Blub,  in  tea,  142. 

PSOROSPERJHA,  476. 

PuccmiA  Gramdjis,  313  and  314. 
Pure  Water,  analyses,  58. 
Purification  OP  Water,  26. 
Purity  op  Drinking  Water,  standard  of, 
57. 

Pyholigneous  Acid,  634. 


Racemic  Acid,  745. 
Ragee,  or  Rakki,  308, 
Rain  Water,  16. 
Rape  Seed,  526. 

Remedies  for  Adulteration,  854. 

Rennet,  modus  operandi,  449. 

Respiration,  2. 

Revalenta,  383. 

Rice,  value  as  food,  5. 

Rice  Plour,  305  and  372. 

RoDGERs'  method  for  the  detection  of 

strychnin,  705. 
RoussnLON  Wines,  780. 
Rubble,  361, 
Rum,  807. 
Rust,  313. 
Rye  Flour,  294. 
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Saccharimetiit,  234. 

Saccharose,  221  and  225. 

Sago,  definition  of  adulteration,  375  ;  the 
different  plants  from  which  sago  is 
obtained,  375  ;  raw  sago  meal,  375 ; 
sago  flour,  375  ;  characters  of  the  starch 
corpuscles,  375,  figs.  116  and  117 ;  the 
adulterations  of  sago,  376 ;  factitious 
sngo,  376,  fig.  118.  Results  of  the  exami- 
nation of  samples,  377,  Detection  of  the 
adulterations,  378. 

SAiNFors,  or  Yellow  Battle,  325. 

Sale  of  Food  and  Drugs  Act,  873 . 

Saxd  aot)  Gravel,  waters  from,  6.7. 

Sand  Eock,  waters  from,  67. 

Sanderson,  Dr.  BnitiDON,  on  microzymes 
in  water,  54. 

Sanitary  Bearings  of  Adulteration,  850. 

Sauces  and  their  adulterations,  658 ; 
definition  of  adulteration,  658  ;  composi- 
tion of  sauces,  658.  Results  of  the  exami- 
nation of  samples,  658  ;  walnut  catsup, 
660. 

Sausage  Poison,  477. 
Scarlet  Fever,  caused  by  impure  water, 
64. 

Selenitic  watesrs,  68. 
Sewage,  collection  of  samples  for  anal3^, 
69. 

Sewage  Contamination,  30. 

Sherry  and  its  adulterations,  766 ;  cultiva- 
tion and  preparation,  766 ;  Amontil- 
lado, 766 ;  genuine,  fortified,  and  adul- 
terated sherries,  766  ;  Dr.  Thudichum  on 
the  manufacture  and  adulteration  of 
sherry,  768  ;  mixing  stations,  769 ; 
Manzanilla,  770 ;  Marsala,  770  ;  table  of 
analyses  of  sherry,  771. 

SrPTiNQS  of  tea,  133, 

Silica,  estimation.  85,  111. 

SiNAPIN,  SUUPHOCYANIDE,  512. 

SjtUTi  or  Dust  Brand,  314. 
Soda,  estimation  in  water,  86. 
Soda  Water,  663. 
SoiTENiNO  OP  Water,  24, 
Soleras,  792. 

Solids  in  Water,  determination,  83. 

SoRBY  on  the  detection  of  the  adulteration 
of  beer,  702. 

Specific  GRAvmr  Bottle,  800. 

Spectrum  Analysis  applied  to  the  detec- 
tion of  adulterations  in  beer,  702;  in 
wine,  790. 

Spices,  554 ;  definition  of  adulteration, 
654  ;  enumeration  of  spices  as  ginger, 
cinnamon,  cassia,  nutmegs,  mace, 
cloves,  allspice  or  pimento.  iSfee  the 
separate  headings. 

Spice,  mixed,  586,  fig.  189 ;  composition, 
686 ;  adulteration,  588.  Detection  of  the 
adulterations,  688. 

Spirituous  Liquors  and  their  adultera- 
tions, 793  ;  the  formation  of  alcohol,  793  ; 
preparation  of  absolute  alcohol,  795 ; 
fusel  oil,  795  ;  properties,  796.  Detection, 
796;  defuselation  of  alcohol,  797;  physio- 


logical action,  797  ;  methods  of  estima- 
ting the  quantity  of  alcohol  present  in 
any  spirituous  liquid,  798;  saccharometers. 
798  ;  Sykes's  hydrometer,  799  ;  centesimal 
alcoholometer,  799  ;  ebullioscope,  800  ; 
alcoholometric  dilatometer,  800  ;  specific 
gravity  bottle,  800 ;  alcoholometi-ical 
table  of  Tralles,  801.  Detection  of  fusel 
oil,  803.  Brandy,  definition  of  adultera- 
tion, 803  ;  preparation,  803  ;  cognac,  803  ; 
strength  of  brandy,  804  ;  adulterations, 
804  ;  British  brandy,  804.  Results  of  the 
examination  of  samples,  806.  Detection 
of  the  adulterations,  806  ;  water,  806  ; 
extraneous  spirit,  807  ;  sugar,  807  ; 
Cayenne  pepper  and  grains  of  paradise, 
807.   Rum,  definition  of  adulteration, 

807  ;   preparation,  807 ;  adulterations, 

808  ;  lead  in  rum,  808.  Results  of  the  ex- 
amination of  samples,  809.  Detection  of 
the  adiilterations,  809.  GiN,  definition  of 
adulteration,  809  ;  preparation  and  com- 
position, 810  ;  adulterations,  810  ;  with 
alum,  carbonate  of  potash,  and  acetate  of 
lead,  810  ;  gin  flavourings,  811 ;  to  pre- 
pare and  sweeten  British  gin,  812. 
Results  of  the  analysis  of  samples,  813. 
Detection  of  the  adulterations,  ■  814 ; 
estimation  of  water,  814  ;  alcohol,  814  ; 
sugar,  815.  Detection  of  carminatives 
and  flavouring  substances,  815;  cherry 
laurel  water,  or  spirit  of  almond  cake, 
815 ;  estimation  of  combined  and  free 
sulphuric  acid,  816.  Detection  of  alum, 
816  ;  lead,  817  ;  siUphate  of  zinc,  817  ; 
ignorance  of  Excise,  817 ;  preparation 
of  potato  spirit,  818. 

Standard  of  Purity  of  drinldnK  water, 
57. 

Starch,  composition,  3. 
Stout.   See  Malt  Beverages,  669, 
Strongylus  Filaria,  482. 
Strychnin,  691.  Detection,  704. 
Succinic  Acid,  721.  Detection,  746. 
Sugar,  value  as  food,  5  ;  composition,  3. 
Sugar  op  Wine,  718  ;  estimation,  734. 
Suqar-Cane,  composition,  229. 
Sugar-Mite,  242. 

Sugar,  definition  of  adulteration,  220 ; 
various  kinds  of  sugar,  220  ;  dextrose 
and  IsBVulose,  220 ;  galactose,  221 ;  sac- 
charose or  cane  sugar,  221  ;  preparation 
of  sugar,  221  ;  from  the  cane,  221 ;  raw 
or  Muscovado  sugar,  222  ;  treacle  or 
molasses,  222 ;  preparation  from  beet 
root,  222 ;  from  the  sugar  maple,  223  ; 
preparation  of  glucose  from  potatoes, 
223  ;  the  refining  of  sugar,  224  ;  crushed 
sugar,  225  ;  molasses,  225  ;  properties  of 
cane  sugar,  225  ;  crystals,  226,  fig.  60  ; 
table  of  specific  gravities  of  solutions, 
227 ;  decompositions,  227  ;  composition 
of  the  sugar  cane,  229 ;  analyses  of  cane 
juice,  230 ;  of  raw  sugars,  230 ;  compo- 
sition of  the  tuber  of  the  sugar  beet, 
231 ;  of  the  ash  of  the  sugar  cane,  231 ; 
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asli  of  raw  sugar  and  molasses,  231 ;  the 
.  analysis  of  sugar,  232  ;  estimation  of 
water,  232  ;  ash,  232  ;  suspended  matter, 
232 ;  glucose,  232  ;  cane  sugar,  233  ; 
saccharimetry,  23-1 ;  the  estimation  of 
sugar  by  means  of  the  polariscope,  234  ; 
angles  of  rotation  of  different  sugars, 
235  ;  separation  of  cane  from  fruit  sugar, 
236 ;  structure  of  the  sugar  cane,  236, 
figs.  61,  62,  and  63  ;  physiological  action 
and  properties  of  cane  sugar,  240  ;  the 
impurities  of  imrefined  or  brown  sugar, 
240  ;  the  fmigus  in  sugar,  2il,fig.  67  ;  the 
sugar  mite,  242,  figs.  64,  65,  and  66  ;  the 
grocers'  itch,  244;  fibre  of  fir,  fig.  68. 
Results  of  the  examination  of  samples, 
246 ;  the  adulterations  of  cane  sugar, 
247.  Detection  of  the  adulterations,  248. 
Detection  of  gum,  249 ;  of  farinaceous 
substances,  249  ;  starch  sugar,  249  ;  car- 
bonate of  lime  or  chalk,  249  ;  sulphate 
of  lime  or  gjTpsum,  249  ;  bone  earth  or 
phosphate  of  hme,  249 ;  chloride  of 
sodiiun,  249  ;  sand,  249. 
SuGATi  CoNPKcnoNEUY,  coloured,  251 ; 
definition  of  adulteration,  251 ;  adultera- 
tions, 251.  Results  of  the  examination  of 
samples,  251;  poisonous  substances  used  to 
coloursupar  confectionery,  254;  flavouring 
with  essences,  255  ;  poisonous  papers 
used  as  wrappers,  256  ;  lists  of  colours, 
the  use  of  which  may  be  i)ermitted  and 
prohibited,  256  ;  anlUne  dyes,  258.  De- 
tection of  the  adulterations  of  sugar  con- 
fectionoi-y,  259  ;  vegetable,  animal,  and 
mineral  reds,  260.  Detection  of  yellow 
coloure,  261  ;  of  blue  colours,  262  ;  green 
colours,  263 ;  brown  and  purple  colom's, 
264 ;  of  bronze  powdere,  2G4 ;  chaUc, 
plaster  of  Paris,  and  clay,  265.  Detection 
of  different  lands  of  stai-ch,  265. 
SuLPHUiuc  Acm,  estimation,  85,  639,  and 
751. 

SULPHrniETTED  HYDROGEN  in  Water,  esti- 
mation, 84. 

Supply  of  Watee  per  head,  61. 

SmiFACK  and  Subsoil  waters,  68. 

Suspended  Matters,  estimation  in  water, 
91. 

Sutton,  Mr.,  on  the  adulteration  of  tea, 
127. 

Sykes'  Hydrometer,  799. 


Tacca  Arrowroot,  369. 

T.a!NiA  Solium,  T.  mediocanellata,  T.  echi- 
nococcus,  480. 

T.\NNm,  estimation,  108,  744,  723, 

Tapioca,  definition  of  adulteration,  379  ; 
plants  from  which  it  is  obtained,  379 ; 
characters  of  the  starch  corpuscles,  380, 
figs.  119  and  120.  ManUiot  or  Brazihan 
arrowroot,  381 ;  the  adulterations  of 
tapioca,  381.  Results  of  the  examination 
of  samples,  381.  Detection  of  the  adultera- 
tions, 381. 


Tartaric  Acid,  720.  Detection  and  estima- 
tion, 655,  743. 

Tartaric  Ether,  724. 

Tartrate  of  Pota.sh,  estimation,  743. 

Tea,  definition  of  adulteration,  92  ;  growth 
and  preparation,  92  ;  gathering,  92  ;  black 
and  green  tea,  92  ;  scenting,  93  ;  principal 
kinds  of  black  tea,  93  ;  of  green  tea,  93  ; 
form  of  tea  leaves,  95,  figs.  18  and  19  ; 
minute  structure,  95,  figs.  20,  21,  and  22  ; 
composition  of  tea,  97  ;  extractive 
matter,  98 ;  analyses,  99  ;  theine,  100 ; 
volatile  oil,  101  ;  mineral  matter,  101 ; 
composition  of  ash,  103  ;  properties  of 
tea,  104;  analysis  of  tea,  106;  soluble 
and  insoluble  constituents,  106  ;  estima- 
tion of  nitrogenous  matter,  106 ;  water 
and  ash,  106  ;  volatile  oil,  107 ;  theine, 
107  ;  tannin,  108  ;  gum,  110  ;  cellulose, 
110 ;  analysis  of  ash,  110 ;  estimation  of 
phosphoric  acid,  110 ;  potash.  111  ; 
silica.  111  ;  iron.  111  ;  adulteration  of 
tea,  112  ;  with  foreign  leaves,  112,  figs. 
25,  26,  and  27 ;  with  lie  tea,  114.  figs.  23, 
24,  and  28  ;  mineral  matter  in  lie  tea, 

117  ;  adulteration  with  mineral  matter, 

118  ;  quantities  of  magnetic  oxide  of  iron 
extracted  by  the  magnet,  119 ;  no  iron 
fihngs  in  tea,  120 ;  artificial  coloration 
and  adulteration,  122  ;  percentage  of  ash 
in  artificially-coloured  green  tea,  123  ; 
ash,  siUca,  and  iron  in  faced  green  teas, 
124  ;  evidence  of  travellers  on  the  facing 
of  tea,  124  ;  evidence  before  the  Parlia- 
mentary committee  on  adulteration,  126  ; 
results  of  the  examination  of  caper,  gun- 
powder, and  other  teas,  129  ;  table  of 
adulterated  caper  teas,  130;  table  of 
adulterated  gunpowder  teas,  131  ;  copper 
in  tea,  131 ;  sulphate  of  iron,  132 ;  tea 
siftings,133:  percentage  of  extractive  mat- 
ter and  of  theine  in  adulterated  teas,  133; 
Birmingham  tea  prosecutions,  134;  the 
adulteration  of  tea  as  practised  in  this 
comitry.  134,  /5^i.  29,  30,  and  31.  Detec- 
tion of  the  adulterations,  138  ;  of  foreign 
leaves,  138  ;  exhausted  tea  leaves,  139  ; 
lie  tea,  140  ;  quartz,  sand,  and  magnetic 
oxide  of  iron,  141 ;  the  facing  of  tea,  141 ; 
ferrocyanide  of  iron  or  Prussian  blue, 
142  ;  indigo,  142  ;  txirmeric,  143  ;  black 
lead,  143  ;  china  clay,  143  ;  silicate  of 
magnesia  or  soap  stone,  143  ;  sulphate  of 
hme  or  gypsum,  144  ;  other  substances 
used  for  the  facing  of  tea,  144. 

Thedte,  properties  and  composition,  100; 

estimation,  107. 
Thudichum,  Dr.  on  the  manufacture  and 

adulteration  of  sherry,  768. 
Tidy,  Dr.  0.  M.,  on  the  adulteration  of 

tea,  128. 
Tobacco,  detection  in'  beer,  704. 
Treacle,  222. 
Trichina  spiralis,  480. 
Trifoil,  325. 

TuBMEBic,  599 ;  definition  of  adulteration. 
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599  ;  composition,  599  ;  structure,  600, 
fgs.  195  and  19G  ;  adulterations  of  ter- 
meric,  601.  Detection  of  tlie  adulterations, 
601. 

Typhoid  Fkver  caused  by  impure  water,  64. 


TJkEjV,  2. 

Uredo,  310  and  313. 
Uric  Acm,  2. 

UTExsrLs  employed  in  the  preparation  and 
storage  of  food,  819  ;  action  of  the  food 
on  the  vessels,  819  ;  copper  vessels,  820  ; 
iron,  brass,  and  tin  vessels,  820 ;  brass, 
821 ;  glazed  vessels,  822  ;  lead,  828  ;  zinc, 
828  ;  pe^vter,  823 ;  metal  pipes  and  taps, 
824. 


Vegetables  and  Fruits,  bottled,  493. 

VegetjVbles,  tinnpd,  498  ;  definition  of 
adulteration,  498  ;  adulteration  with 
sulphate  of  copper  or  bluestone,  498. 

Vibrioses,  316. 

Vinegar  and  its  adulterations,  628  ;  defi- 
nition of  adulteration,  628 ;  formation 
and  occurreuce  of  acetic  acid,  629 ; 
different  kinds  of  vinegar,  629 ;  malt 
vinegar,  630  ;  wine  vinegar,  630  ;  sugar, 
beet,  and  cider  vinegars,  631 ;  distilled 
vinegar,  631 ;  the  vinegar  fungus,  631  ; 
the  quick  vinegar  process,  632,  Jig.  204  ; 
manufacture  of  acetic  acid  from  wood, 
633  ;  pyroUgneous  acid,  634  ;  properties  of 
acetic  acid,  634  ;  different  qualities  [ot 
vinegar,  634;  the  adulterations  of 
vinegar,  635;  evidence  in  regard  to  the 
use  of  corrosive  sublimate,  636.  Eesults  of 
the  analyses  of  samples,  637  ;  contami- 
nation with  metals,  638.  Detection  of 
the  adulterations  aud  impurities,  638 ; 
determination  of  acetic  acid,  639;  of 
sulphuric  acid,  639  ;  estimation  of 
mineral  acids,  641.  Detection  of  ohilKes 
and  other  acrid  substances,  642  ;  burnt 
sugar,  642  ;  pyroligneous  acid,  642  ;  bitar- 
trate  of  potash,  642  ;  maUc  acid,  642. 
Detection  of  metallic  impurities,  642  ;  iron 
and  zinc,  643. 

VoELCKER,  Dr.,  on  the  adulteration  of  tea, 


Wakley's  evidence  on  the  adulteration  of 
annatto,  622. 

Wanklyn  on  the  adulteration  of  tea,  128  ; 
of  cocoa,  219. 

Waxklyn's  and  Franklajtd's  methods  of 
water  analysis  compared,  80. 

Warrixgton's  Method  for  the  detection 
of  minute  quantities  of  copper,  626. 

Water  from  ice,  15  ;  from  snow,  16  : 
rain,  16 ;  distilled,  17 ;  constituents, 
minernl,  18 ;  gaseous,  19 ;  organic, 
19  ;  injurious  properties  of  some  waters, 
on  what  do  they  depend,  20 ;  hardness, 


20 ;  softening,  24 ;    quality  of  water, 

25  ;  purification,  26  ;  by  decomposition, 

26  ;  by  oxidation,  27  ;  skeleton  of  sew- 
ago,  30 ;  organic  matter,  ammonia, 
nitric  acid,  significance,  32  ;  nitric  acid 
the  representative  of  decayed  organic 
matter  in  water,  33  ;  previous  sewage 
contamination,  33 ;  purification  by 
filtration,  35  ;  by  precipitation,  36';  living 
organisms  in  potable  water,  37,  figs. 
1 — 17 ;  foecal  matter  in  water,  52 ; 
importance  of  the  microscope  in  the 
examination  of  water,  53  ;  microzymes 
54 ;  standard  of  purity  of  drinking 
water,  57  ;  analyses  of  pure  drinking 
waters,  58  ;  of  impure  waters,  59  ;  supply 
of  water  per  head,  61 ;  impure  water  a 
source  of  disease,  61  ;  organic  acids  in 
water,  62 ;  affections  of  the  stomach, 
dyspepsia,  by  the  use  of  impure  water, 
63 ;  diarrhoea,  63 ;  dysentery,  63 ; 
cholera,  64 ;  typhoid  fever,  64 ;  scarlet 
fever,  64 ;  malarious  fever  and  ague,  64 ; 
goitre,  65  ;  entozoa,  65  ;  lead  in  water, 

65  ;  action  of  water  on  lead,  zinc,  &c., 

66  ;  effect  of  geological  formation  on 
the  composition  of  water,  67  ;  analysis 
of  water,  68  ;  collection  of  samples,  68  ; 
collection  of  sewage,  69  ;  microscopical 
examination,  69 ;  physical  characters 
and  appearance,  69  ;  colour  and  clear- 
ness, 69  ;  smell  of  water,  69  ;  taste,  70 ; 
qualitative  chemical  tests ;  70  ;  danger 
of  reliance  on  the  permanganate  test, 
71 ;  quantitative  analysis,  73  ;  estima- 
tion of  organic  matter,  73  ;  ammonia, 
method  of  water  analysis,  74  ;  estimation 
of  frep  ammonia,  75  ;  albuminoid  ammo- 
nia, 76  ;  estimation  of  nitrogen  present  as 
nitrates  and  nitrites,  77.  Prankland's 
method  of  water  analysis,  77,  figs.  15  and 
17  ;  Frankland's  method  for  estimating 
the  nitric  and  nitrous  acids,  80, /jr.  16  ; 
mineral  constituents  of  water,  determi- 
nation, 83  ;    sohd  residue,  83  ;  chlorine, 

83  ;  nitrous  acid,  84 ;  estimation  of 
dissolved  gases,  84 ;  sulphuretted  hydro- 
gen, 84 ;  sulphuric  acid,  85  ;  silica, 
iron  and  alumina,  lime  and  magnesia, 

84  ;  soda,  86  ;  combined  carbonic  acid, 
86  ;  phosphoric  acid,  87  ;  calculation  of 
results,  87 ;  determination  of  hardness, 
88 ;  total  permanent  and  temporary 
hardness,  determination,  90 ;  lead  and 
copper,  detection  and  estimation,  90  ; 
suspended  matters,  91. 

"Waters,  Aerated,  and  their  adulterations, 
661 ;  definition  of  adulteration,  661  ; 
manufacture,  661  ;  soda  water,  663 ; 
potash  water,  663 ;  lemonade,  663  ; 
ginger  beer,  664 ;  the  adulterations  of 
aerated  waters,  665  ;  metallic  contamina- 
tions, 666  ;  the  analysis  of  aerated  bever- 
ages, 666;  estimation  of  the  carbonio 
acid,  667. 

■Wax,  271. 
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Weevil,  318. 

"Wheat  Flour,  276. 

Wheat  Midcje,  319. 

WmES,  Australian,  785  ;  analyses,  785. 

Wines,  French,  770  ;  wines  of  the  RonssU- 
lon  district,  780  ;  Perpignan,  Languedoc, 
and  St.  Gilles,  780 ;  Bordeaux  wines, 
780  ;  Burgundy,  780  ;  champagne,  781, 
preparation,  782  ;  sparkling  hock,  782  ; 
liqueuring  of  champagne,  783  ;  goose- 
berry, apple,  pear,  and  rhubarb  cham- 
pagnes, 783. 

Wines,  German,  784  ;  MoseUe  wine,  784. 

Wines,  Greek,  784. 

Wdje  and  its  adulterations,  715  ;  definition 
of  adulteration,  715  ;  the  manufacture  of 
wine,  715 ;  composition  of  the  grape, 
716  ;  of  the  juice  or  must,  716  ;  of  wine, 
718  ;  sugar  of  wine,  718  ;  glycerin,  719  ; 
alcohol,  719  ;  acids,  720 ;  tartaric  acid, 
720  ;  malic,  721  ;  succinic,  721  ;  acetic, 
722 ;  the  fatty  acids,  723 ;  cenanthic 
acid,  723  ;  tannic,  723 ;  ethers  of  wine, 
724 ;  cenanthic  ether,  724 ;  tartaric, 
724 ;  bouquet  of  wine,  725  ;  colouring 
matters,  721! ;  of  white  wines,  726  ;  of 
red  wines,  726  ;  ammonia,  728  ;  albumi- 
nous matter,  728  ;  mineral  constituents, 
of  the  grape,  729  ;  ash  of  grapes,  729  ; 
mineral  constituents  of  wine,  731 ;  table 
of  averages  of  the  analyses  of  wine,  732  ; 
the  extractives,  734 ;  total  solids,  734  ; 
the  analysis  of  wine.  734  ;  estimation  of 
sugar,  734 ;  alcohol  tables,  736  ;  deter- 
mination of  glycerin,  739  ;  estimation  of 
alcohol,  739  ;  by  conversion  into  acetic 
acid,  741 ;  by  specific  gravity  of  de- 
alcoholised  wine,  741  ;  estimation  of  total 


free  acids,  742  ;  volatile  acids,  743 ; 
bitartrate  of  potash,  743  ;  total  tartaric 
acid,  743  ;  malic  acid,  744  ;  tannic  acid, 
744  ;  detection  of  racemio  acid,  745 ; 
succinic  acid,  746 ;  formic  acid,  746; 
estimation  of  ethers  in  wine,  746 ; 
Berthelot's  formula,  747  ;  determination 
of  the  albiuninous  matter,  747 ;  of 
ammonia,  749  ;  the  colouring  matters  of 
red  wine,  749  ;  estimation  of  the  mineral 
matter,  750 ;  phosphoric  add,  750  ;  sul- 
phuric acid,  751  ;  chlorine,  751 ;  the  total 
solids,  751 ;  sugar  table,  752  ;  the 
adulterations  of  wine,  753  ;  dilution 
and  sweetening  of  the  must.  753  ;  regu- 
lation of  its  acidity,  755 ;  the  colouring 
of  wine,  755  ;  plastering,  756  ;  deplaster- 
ing,  759  ;  forlification,  761 ;  flavouring, 
763  ;  blending,  763  ;  factitious  wines, 
763 ;  lead  in  wine,  764 ;  sherry,  7H6  ; 
Madeira,  774 ;  Cape  wines,  776^  port, 
776  ;  French  wines,  779  ;  German,  784  ; 
Greek,  784  ;  Australian,  785.  Detection  of 
the  adulterations  of  wine,  785  ;  of  cane 
sugar,  785  ;  extraneous  spirit,  786  ;  juice 
other  than  that  of  the  graiw,  "86 ; 
colouring  matters,  787  ;  spectroscopic 
discrimination,  790.  Detection  of  sul- 
phuric acid,  792  ;  of  carbonate  of  soda  or 
potash,  792  ;  lead,  792  ;  soleras,  792. 


Yeast,  334. 


Zinc,  action  of  water  on,  66.  Detection,  643, 
817. 
I  Zedte,  302. 
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The  Rev.  Sir  EDWARD  REPPS  JODRELL,  Bart., 

To  Messrs.  Felto  tf-  Sons,  27  Albemarle  Street,  W. 

'  When  at  Sail  I  received  an  Analytical  Eeport  of  your  SP£cIALIT£  SHERRY 
«nd  you  must  forgive  me  for  saying  that  nt  first  I  regarded  the  whole  matter  as 
51  most  egi-egious  piece  of  humbug.  Having,  however,  tasted  the  wine  in  question  and 
found  It  agreeable  to  the  palate,  I  determined  on  my  own  responsibiUty,  to  have  it  analysed 
lor  myself ,  having  fully  also  determined  previously  to  e.\-pose  any  hoa.x  pro  bono  publico  or 
to  give  you  the  benefit  of  the  Analysis  should  it  turn  out  in  vonr  favour.  I  have  the  plens'nre 
to  forward  you  Professor  Redwood's  (of  the  Phamaceiitical  Society  of  Great  Britain) 
Analysis,  which  says  more  than  I  can  express.  I  .-im  very  particular  as  to  the  wine  I  drink 
and  as  I  have  been  hitherto  buying  every-day  Sherry  at  608.  a  dozen,  I  am  rejoiced  to  find 
BO\y  that  I  can  purchase  wme  of  equal  strength  and  superior  bouquet  at  half  that  price. 
r>,ilMf?  be  known  to  the  general  public,  and  you  con  make  any  use  you  deem  prnier  ot 
this  letter,  and  also  of  Professor  Redwood's  most  elaborate  Analysis.-Yours  faithfully, 

(Signed)      Kdwahd  Rkits  Jodiusll." 

FELTOE  &  SONS 

Are  Sole  Proprietors  and  Importers  of  the 

'  SPECI  ALITE'  SHERRY 

(registered). 

It  has  teen  exhibited  as  a  Dietetic  by  special  pemission  in  the  Museum  of  the 

BRITISH  MEDICAL  ASSOCIATION. 
Is  now  Adopted  and  Recommended  by  nearly  3,000  Physicians 
and  Surgeons  for  its  valuable  Dietetic  Qualities. 

'  Free  from  acidity  and  heat.'— r/*c  British  Medical  Journal. 

'  \ aluable  for  Gouty  or  Uric  Acid  tendencies.'— i)r.  Hardwicke,  Metropolitan 
Analyst,  and  Coroner  Jor  Central  Middlesex.  .         i      u  * 

'  Has  a  great  medical  reputation.'— ilfecZiVa/  Eecord 
^boveref^Z  to'^'''^  ^"""'^^  S^Ve.'- Professor  Redwood's  Ancdysis 

Medlairlne^''^ ^  suffering  from  Dyspepsia  it  would  be  valuable.' 

-f  n    Ji^^'''.•  ^  ^'PP'  ^"t"       dene  an  act  of  kindness 

to  the  public.'— C'/i«rcA  Review. 

«0s.  per  Dozen.   £18  per  Quarter  Cask.    CASH  ONLY.-Carriage  Paid. 

Chief  Establishment— 27  ALBEMARLE  STREET,  W 

City  Offices— 8  Union  Court,  Old  Broad  Street,  E.C. 

Branch  Offices    Manchesier  and  Brighton. 
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THE  PURE  WINE  ASSOCIATION, 

LIMITED, 

22  Henrietta  Street,  Covent  Garden,  W.C. 

Supply  the  o?2?y  Sherries  certified  by  competent  Analysts  to  be  free  fron» 
Plaster  of  Paris  and  its  effects. 


SHERRIES. 

strength  Price  per  dozea 

Tinest  Old  Wines,  shipped  free  from  I                      g^,/  g^^, 

Plaster  of  Pans  /                        ^  ' 

RED  WINES. 

Consume,  Portuguese  Claret,  from  Oporto  Under  26%  proof  24/- 

CoUares,  Portuguese  Claret,  from  Lisbon            Ditto  26|- 

yinest  Alto  Douro  Ports,  from  Oporto    From  30  to  34%  30/-  to  45/- 

Bucellas,  Old      36/- 


The  Alto  Douro  Port,  1869,  is  characterised  in  Drs.  TmjDicinrat 
and  Duprk's  'Treatise  on  Wines,'  page  681,  as  '  fine,  full,  pure,  and  of  the 
lowest  alCoholieity  of  any  Port  Wine  we  have  met  with  in  this  country.' 

Consumo,  in  the  same  Treatise,  as  '  perfectly  pure,  quite  dry,  and  as 
free  from  adventitious  alcohol  as  the  fullest  Burgundies.' 

Extracts  fbom  Analysis  of  Twelve  Samples  Selected. 
'  It  thus  appears  that  the  average  amount  of  sulphuric  acid  is  below  thaf 
obtained  bi/ Its  from  grapes  theviselvcs.  ...  We  have  met  with  nothing 
comparable  with  them.  ...  In  conclusion,  it  may  be  said  of  the  Wines 
of  the  Pure  Wine  Association,  that  they  are  remarkable  for  their  freedom 
from  added  spirit  and  from  plaster,  and,  of  course,  from  their  effects.' — 
Atithub  Hill  Hassall,  M.D.,  Author  of  'Food,  and  its  Adulterations,* 
'  Adulterations  Detected,'  and  late  Editor  of  '  Food,  Water,  and  Air.' 

Extracts  from  Dr.  Bartlett's  Analysis,  IQth  October  1874. 
'  After  the  most  minute  examination  of  two  .samples  of  Sherry,  selected 
and  drawn  by  myself  from  the  general  bulk  of  the  Company's  bins,  I  find 
tbem  to  be  exactly  as  professed,  free  from  Plaster  and  its  effects.  _  .  .  • 
The  sulphuric  acid  actually  present  in  these  wines  is  less  m  quantity  thatt 
that  found  in  water  certified  to  be  exceptionally  pure  for  drinking.* 
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HEDQES   cfe  BXJTLER 


INYITB  ATTENTION  TO  THE  POLLOAVING- 

WINES  AND  SPIRITS. 


'Good  Sherry,  Palo  or  (toIo. 

20s. 

24s. 

30s. 

365. 

42s. 

per  doz. 

Very  Choice  Sherry   

48s. 

54s. 

60s. 

72s. 

3> 

Port,  of  various  ages  

24s. 

30s. 

36s. 

42s. 

48s. 

J» 

Marsala   

205. 

245. 

JJ 

Good  Claret   

14s. 

18s. 

20s. 

24s. 

)> 

Choice  Dessert  Claret   

30s. 

36s. 

42s. 

48s. 

60s. 

J> 

"White  Bordeaux  

24s. 

30s. 

36s. 

48s. 

)> 

jBui'gundy  (Red)  

24s. 

30s. 

36s. 

48s. 

60s. 

Ohablis   

24s. 

30s. 

36s. 

485. 

tSparkling  Champagne   

36s. 

42s. 

48s. 

60s. 

78s. 

>> 

Hock  and  Moselle   

24s. 

305. 

36s. 

42s. 

48s. 

60s. 

>1 

Pine  Pale  Brandy     ...  ^  

44s. 

48s. 

60s. 

72s. 

84s. 

JJ 

WINES 

IN 

WOOD. 

Per  Impl.  GaU. 

Per  Octave. 

Per  Or.  Cask.   Per  Hhd. 

Per  Butt. 

s.  d. 

i.  d. 

s.  d. 

£ 

J. 

Pale  Sherry   9  6  ...    6    o  0  ...  12    0  0  ...  23  10  ...    46  0 

Good  Dinner  Sherry    ...  11  6  ...    8    0  0  ...  lo  10  0  ...  30  10  ...    60  0 

Pine  Sherry   14  6  ...    9  15  0  ...  19    0  0  ...  37  10  ...    74  0 

Superior  Sherry    17  6  ...  11  10  0  ...  22  10  0  ...  44  10  ...    88  0 

€lioice  Dessert  Sherry  ...  20  6  ...  13    5  0  ...  26    0  0  ...  51    0  ...  100  0 

Old  Sherry    23  6  ...  14  15  0  ...  29    0  0  ...  57    0  ...  112  0 

Old  Solera's    ±;il4    i'125    iJl 37  to  £150  per  Butt. 

Per  Impl.  Gall.  Per  Octave.  Per  Qr.  Cask.  Per  Hhd.   Per  Butt. 
s.  d.  £   s.   d.        £     s.  d.         £   s.  £  s. 

•GoodPort    11  6  ...    8  15  0  ...  17    0  0  ...  33  10  ...    65  0 

Pine  Port    14  6  ...  10    5  0  ...  20    0  0  ...  39  10  ...    76  0 

Fine  Old  Port    17  6  ...  12    0  0  ...  23  10  0  ...  46  10  ...    90  0 

Choice  Old  Port    20  6  ...  13  15  0  ...  27    0  0  ...  53    0  ...  102  0 

Curious  Old  Port   £120    £135    £148  per  Pipe. 

Claret    £14    £17    £20    £25    £30    £40    £50    £63  per  Hhd. 

Burgundy  (Red  and  AVhite)        £20    £30    £35    £40    £50  £63 

Old  Pale  Brandy  ...  21s.  245.  30s.  36s.  per  Imperial  Gallon. 
Old  Irish  and  Scotch  Whiskey    21s.  per  Imperial  Gallon. 


Messrs.  HEDGES  &  BUTLER  invite  attention  to  their  extensive  stock  of  CHOICE 
OLD  POKT,  selected  and  bottled  with  the  utmost  care,  and  now  in  the  highest  state  of 
perfection,  embracing  the  famed  vintages  of  1840,  1847,  1858,  18G1,  and  1863 — ranging  in 
prices  from  48s.  to  TiDs.  per  dozen. 

FOREIGN   LIQUEURS  OF  EVERY  DESCRIPTION. 

On  receipt  of  a  Post-Office  Order,  or  reference,  any  quantity  (witli  a  Price  List  of  all 
other  Wines)  will  be  forwarded  immediately  by 

HEDGES  &  BUTLER, 
LONDON  :  155  REGENT  ST,,  W.  I  BRIGHTON :  30  &  74  KING'S  RD. 

(OEIGINALLY  ESTABLISHED  A.D.  IGG7). 
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T.  W.  ST  A  P  LEW  N  &  CO.'S  WINE  TARIFF 

(For  the  Puesent  Seasos). 

By  Custom  House  Report,  the  largest  Importers  in  England  (not  supplying  tte  trade),  dutT 

paid  in  1874  being  70,834  gallons. 

Address  203  KEGENT  STREET,  Corner  of  Conduit  Street,  W. 

Established  1833. 


1870  CLARETS. — Pure,  sound  Borcleaxix,  145.  per  dozen,  or  £6.  os.  per  half 
hhd. ;  £12  per  lihd.,  duty  paid. 

1868  VINTAGE  EPERNAY  CHAMPAGNE. —Magnificent  in  quality, 
brilliant  in  condition,  ripe  for  drinking,  36*.  per  doaen  quarts  ;  2U.  pints. 

1868  CREME  DE  BOUZY.— Pale,  delicate,  and  dry,  42*.  per  dozen  quarts, 
24i.  pints. 

1868  L'EMPEREUR   CHAMPAGNE,   Premiere  Qualit^-a  superb  dry 
■(vine ;  the  cream  of  the  vintage ;  quarts,  G2.«. ;  pints,  34«.   And  all  other  brands. 
1860  VINTAGE  PORT.— Mature  and  fit  for  immediate  use,  34s.  per  dozen. 

1864  NATUR/\JL  SHERRY.— This  elegant,  pure,  dry  Xeres,  20s.  per  dozen. 

£■')..').«.  per  octave;  £10.  Ids.  per  quarter-cask;  or  the  Star  brand,  24s.,  or 
£6.  Gs.  per  octavo,  £12.  12«.  per  quarter-cask, 

1881  MANZANILLAS.— Very  delicate,  at  30s.,  or  £15.  10.s.  per  quarter-cask; 

and  the  driest  and  finest  that  can  be  sliipped,  36,?.  per  dozen.  Siiecially  recom- 
mended for  invalids,  being  free  from  acidity. 

T.  "\y.  STAPLETON  &  CO.  invite  attention  to  their  choice  selection  of  Old  Brandies  and 
superior  mellow  Whiskies,  at  40s.  per  dozen. 


IMPORTANT  NOTICE. 

IV/TANZANILLA.— T.  W.  STAPLETON  &  CO.,  of  203  Eegent 

-"•^  Street,  W.,  beg  to  call  particular  attention  at  this  time,  when  Sherry 
"Wine  is  so  calumniated,  to  the  following  correspondence  between  Dr.  Bartlett, 
the  "well-known  and  highly-talented  analyst,  and  themselves. 

No.  203  Eceent  Street,  W.,  comer  of  Conduit  Street, 
IT.  C.  Bartlett.  Esq.,  Pli.D..  F.C.S.  .Inly  II.  1H71. 

Dc  nr  Sir, — In  answer  to  iiucstion  4,292. 1)ofoi  e  the  Select  Committee  of  tlie  House  of  Commons  oir  the 
Adulteration  of  Food  Act.  you  ullnde  to  MiinznnillH,  wliieli  you  Imd  tasted  ftnd  pronounced  excellent 
ami  pure  wine  ;  we  shall  be  plad  to  know  if  the  w  ine  referred  to  was  that  wliich  we  supply  to  you,  onii 
if  so,  pleose  let  us  have  your  complete  analysis  and  report  thereon. 

We  are,  dear  Sir,  yours  very  obediently,  Stapletox  &  Co. 


Laboratory,  7  South  Square,  Gray's  Inn.  London,  W.C. 
Jlossrs,  Stanleton  &  Co.,  203  Resent  Street.  Jnly  IS,  1874. 

Dear  Sn-8,_In  reply  to  your  letter,  I  bee  to  state  that  I  should  not  have  mentioned  the  name  ot  your 
firm  before  the  Committee  of  the  Ilouse  of  Commons  if  I  had  not  been  pressed  to  do  so  by  Lord  Barrinj;- 
ton  and  another  member. 

These  pentlemen  were  anxious  to  learn  from  whom  I  obtained  the  pure  sherries,  particulars  of  which 
■were,  by  order  of  the  Committee,  laid  before  them.  As  there  was  no  positive  objection,  I  informed  the 
Committee  that  I  purchased  the  Manzanilla  of  you.  The  analysis  proves  it  to  be  a  light  enil  clean  dry 
wine,  with  admirable  flavour  and  pood  scent.  Its  alcoholic  strcnEth  is  low,  acidity  very  slisrht.  and  its 
extractive  matter  well  developed.  Such  wine  must  be  considered  ^-ery  wholesome,  grently  stimulant,  anif 
fi'ec  from  the  common  defects  of  the  heavier  Spanish  wines.  The  dietetic  qualities  shown  in  the  analysis 
on  the  other  side  will  especially  recommend  this  Manzanilla  to  all  who  have  reason  to  be  careful  in  their 
choice  of  sherry.  I  am,  faithfully  yours. 

(Signed)  II.  C.  BAnTLETT,  Ph.D.,  F.C.S. 

p.S.—Please  send  me  the  same  quantity  as  before  to  my  consulting  room  here. 


T.  "W.  STAPLETON  &  CO.  think  It  unnecessary  to  do  more  than  refer  to  the  fact  that 
Dr.  Bartlett,  among  the  numerous  samples  which  came  under  his  notice  from  some  of  the 
first  firms  in  the  trade,  endorses  his  good  ojrinion  of  their  Manzanilla  by  using  it  at  his  owa 
tnble,  as  mentioned  before  the  Select  Committee  of  the  House  of  Commons, 

Prices  of  this  Wine,  oQs.  per  dozen ;  .£7.  ISs.  per  octave  ;  £15. 10s.  per  quarter-cask. 
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POWNCEBY'S 

Pure  Wines  and  Brandies, 

As  analysed  and  pronounced  '  thoroughi^y  GKNtiNE,'  can 
be  had  in  Small  Quantities 
A±  WHOLESALE  PRICES. 

The  OLD  PORTS  from  the  WOOD 

Are  so  thoroughly  matured  as  to  be  superior  in  character  to  '  Bottled  Wines '  of 
a  mnch  higher  price,  and  possess  all  the  necessary  qualifications  that  Poet 
"Wine  should  contain  to  be  beneficial  in  the  highest  degree. 


The  PALE  FRENCH  BRANDIES, 

Being  imported  by  ourselves  and  bonded  many  years  in  this  country,  an 
uniform  age  is  guaranteed,  besides  a  great  saving  being  effected  through  im- 
porting in  bulk.  It  frequently  happens  that  Brandy  known  as  '  Case  Brandy ' 
is  often  sold  much  too  new,  but  bearing  genuine  labels  &c.  the  Public  are 
often  thrown  off  their  guard  and  naturally  disappointed. 


SUPERIOR  OLD  PORT  for  Invalids  .    .  16s.  per  gall.  36s.  per  doz. 

Do.  do.  •   •  18s.     K      40s.  „ 

SHERRY,  moderately  dry,  with  excellent  \ 
flavour  and  body  from  J 

PURE  FRENCH  BRANDY  (Pale  or  Brown),  21s.  per  gallon,  up 
to  30a.  according  to  "Vintage. 


Dk.  HASSALL,  in  his  Report  says :— '  The  Pale  French  Brandies  sold  by 
Mr.  Pownceby  are  a  pure  grape  spirit  matured  by  age,  and  valuable  for 
medicinal  or  domestic  purposes.' 


Full  Report  and  Price  Current  by  post. 


S.  POWNCEBY  &  CO.,  356  Oxford  Street  W. 
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PURE    COGNAC  BRANDY. 


TRADE   M  r^^j^  m  MARK 


BOIZE'S  LIQUEUR  GRAPE  '  BLUE  LABEL'  COGNAC  BRANDY 


GEORGE  BOIZE  &  CO.  of  Cognac,  are  the  sole  shippers  of  this 
celebrated  old  Brandy,  which  they  have  been  advised  to  introdnce  by  influential 
members  of  the  medical  profession,  as  a  true  remedy  for  the  various  complaints 
for  which  people  in  this  country  generally  consume  French  Brandy. 

The  shippers  having  been  aware  for  many  years  past  of  the  inferior  spirits 
offered  to  the  consumer,  under  the  names  of  French  and  British  Brandy 
(so  called  British  Brandy  is  not  pure  Brandy,  not  being  produced  from  the 
juice  of  the  grape),  now  bring  this  unequalled  Liqueur  before  the  notice  of 
Connoisseurs  and  Invalids. 

Heport  by  Arthur  Hill  Hassall,  Esq.,  M.D. 
'  This  Brandy  possesses  a  fine  and  delicate  aroma  and  flavour,  which  are 
in  themselves  characteristic  of  superior  quality.  Althougli  it  contains  a  largo 
quantity  of  absolute  alcohol  it  is  yet  soft  to  the  palate,  indicating  that  it  has 
been  kept  for  some  years,  and  has  thus  become  mellowed  by  age.  Altogether 
it  may  be  said  of  this  Brandy,  that  it  is  very  pure  and  of  unusual  exceUenee.' 

The  Wine  Trade  Review,  July  1875. 
'  Apparently  with  a  desire  of  founding  a  reputation  upon  quality  rather 
than  upon  low  prices,  Messrs.  Geo.  Boize  &  Co.  of  Cognac  are,  we  understand 
bottling  for  tlieir  "  Liqueur  Grape  "  only  Brandies  of  1848  vintage.' 

The  Grocer,  Jtdy  3,  1875. 
•  A  new  brand  has  been  introduced  into  the  spirit  market  by  Messrs.  Geo. 
Boize  &  Co.  of  Cognac,  under  the  title  of  the  Liqueur  Grape  Blue  Label 
Cognac  Brandy.    This  firm  is  determined  to  found  its  reputation  upon  quality 
rather  than  upon  low  prices,  and  therefore  is  shipping  only  1848  Brandy.' 

BOIZE'S  'LIQUEUR  GRAPE'  BRANDY 

Is  to  be  had  of  all  Wine  Merchants  and  Grocers  in  the  Kingdom,  or  Wholesale  of 

MESSRS.  GEO.  BOIZE  &  CO., 


61    MARK    LANE,    LONDON,  E.G. 
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RAGGETT'S  NOURISHING  STOUT 

AND 

GOLDEN  HOP   PALE  ALE. 


'I  have  carefully  analysed  Raggett's  well-known  Nourishing  Stout,  as- 
obtained  from  21  Duke  Sti-eet,  St.  James's,  and  find  it  to  te  a  genuine,  most 
wholesome,  and  highly  nourishing  beverage,  less  heavy  and  consequently  more 
digestible  than  London  Stout  in  general.' 

(Signed)      Aethtjb  Hill  HASSiXL,  M.D. 

'  The  Golden  Hop  Pale  Ale  wiU  no  doubt  become  as  popular  as  the  well- 
known  Nourishing  Stout,  it  being  scarcely  possible  to  produce  anything  finer  of 
its  kind.'  (Signed)  Ahthtje  Hill  Hassall,  M.D. 

CAUTION  —The  Public  are  requested  to  note  that  the  words  'Raggett 
late  Blockey'  are  upon  the  Labels  of  each  Cask  and  Bottle  of  the  genuine. 
This  Caution  is  the  more  necessary  as  Brewers  as  well  as  Bottlers  are  adopting 
the  word  'Nourishing'  upon  Labels  of  their  own  in  imitation  of  our  well- 
known  Trade  Title. 


SARSON'S  VIRGIN  VINEGAR. 


Messrs.  SARSON  &  SON  liave  appointed  Special  Agents  in  all 
Towns  in  the  United  Kingdom  for  tlie  sale  of  their  Virgin  Vinegar 
in  Pint  and  Quart  Capsuled  Bottles,  the  object  being  to  ensure  to 
the  Public  a  Vinegar  pure  as  first  drawn.  This  Vinegar  will  be 
found  very  superior  to  the  ordinary  vinegar  of  commerce,  the  price 
is  the  same,  namely, 

Sd-  per  P^int.      lOd.  per  <^nai*t. 


OBSERVE.— Sold  only  in  Capsuled  Bottles  bearing 
our.  Name  and  Trade  Mark. 


_  Advertisements. 

DAUKES  &  CO.  • 

BOniED  ALE  k  STOUT  lERCHAIiTS,  ' 

FOR  HOME  USE  AND  EXPORTATION, 

EXETER  HALL  VAULTS,  STRAND,  W.C. 
GUINNESS'S  EXTRA  STOUT 

AND  I 

BASS'S  &  ALLSOPP'S  j 

PALE  AND  BURTON  ALES. 

THE  SAME  AS  SUPPLIED  TO 

INTERNATIONAL  EXHIBITIONS 

1871  TO  1874. 


Advertisements. 


NUMBER  ONE 
ST.     PAUL'S    CHURCHYARD,  E.C. 

AND 

OXFORD  GIROUS,  W. 

LONDON,    December  1875. 


We  daily  issue,  gratis,  a  Price  Current,  -wliich  contains  prices  and 
descriptions  of  Black  and  Green  Teas,  ColFees,  Cocoas  and 
Chocolates,  Arrowroots,  Condiments,  Tarinaceous  Food,  Spices,  (fee 
and  tlie  arrangements  for  the  free  delivery  of  orders  &c. 

We  extract  from  it  the  following  :  — 

'  At  the  end  of  the  year  1860,  we  took  advantage  of  the  passing  of  tho^ 
Act— 23rd  and  24th  Victoria,  cap.  84—"  for  Preventing  the  Adidteration  of 
Articles  of  Food  or  Drink,"  to  organise  a  system  of  warranting  all  our  goods. 

'  Another  Act  for  the  same  purpose  was  passed  in  1872 — 35th  and  36th 
Vict.,  cap.  74. 

'  These  Acts,  and  some  others,  have  been  repealed,  and  another  Act 
passed,  called  "The  Sale  of  Food  and  Drugs  Act,  1875,"  hut  the  .systcni  of 
warranty  we  adopted  in  1860  appears  to  have  anticipated  so  fully  the  principle 
and  requirements  of  this  Act  that  we  continue  to  follow  it,  together  with  what 
improvements  are  possible.' 


DAKIN   &  COMPANY, 

T  E  A.  -  M  E  R  C  H  A  IN  T  S  , 

AND 

PATENTEES  FOR  ROASTING   COFFEE  &c.   IN  SILVER  CYLINDERS. 

NUMBER  ONE 

ST.   PAUL'S   CHURCHYARD,  E.C. 

AND  OXFORD  CIRCUS,  W. 

TEBMS,  Net  Cash,— The  prices  from  the  lowest  to  the  highest, 
are  the  most  moderate  possible  for  the  qualities  supplied. 
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DR,  SIEGERT'S 

ANGOSTURA  BITTERS, 

So  justly  celebrated  for  upwards  of  Forty  Years  for  their 
exquisite  Aromatic  Flavour,  were  awarded  '  Honour- 
able Mention  for  Goodness  of  Quality'  at  the  Inter- 
national Exhibition  1862,  and  Medal  of  Merit  at  the 
Vienna  Exhibition  1873  (the  highest  distinction  obtain- 
able). 


Used  as  ordinary  Bitters  with  Wine  or  Spirits,  or  taken  in 
Sugared  Water,  they  are  invaluable  as  an  Appetiser  and  Tonic. 
They  are  most  efficient  in  the  cure  of,  and  are  also  an  excellent 
preservative  against,  Fever,  Diarrhoea,  Cholera,  Liver  Com- 
plaints, &c. 


The  following  is  a  Copy  of  Dr.  HASSALL'S  Report  on 

these  Bitters. 

'  I  have   carefully  analysed   a   sample   of  the  ■well-known 
Angostura  Bitters  of  Messrs.  Siegert  e  hijos. 

'  I  find  that  they  consist  of  a  mixture  of  certain  hitter, 
aromatic,  and  carminative  substances,  together  with  alcohol,  added 
as  a  preservative  and  solvent,  and  that  they  are  altogether  free 
from  admixture  with  any  dangerous  or  deleterious  compound,  as 
strychnine,  for  example,  so  commonly  present  in  what  are  termed 
"*'  pick-me-ups." 

'  These  Bitters  constitute,  in  fact,  a  very  useful  and  whole- 
some Tonic  when  employed  in  suitable  cases. 

(Signed)       'ARTHUR  PULL  HASSALL,  M.D.' 

Author  of  '  Food  and  its  Adulterations,'  '  Adtdtcrations 
Detected,  and  late  Editor  of '  Food,  Water,  and  Air.' 
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JOHNSON   &  CO.'S 

CANTERBURY  PALE  ALE. 


IBrewed  and  Fermented 
Exportation  in  Bottle 


by  a  special  process  for 
to  Hot  Climates. 


IDry  Cooperage  Casks,  containing  4  doz.  quarts,  8/-  per  doz. 

8   „    pints,  5/6 

(Cases  containing  1  doz.  quarts    8/6  „ 

„  „  2    „   pints   5/9 

The  Cases  of  2  dozen  pints  are  prepared  for  the  Spanish  Colonies, 
SSouth  America,  "West  Indies,  &e.,  and  are  an  exact  weight  of  27  kilogrammes^ 
 21  of  these  cases  go  to  the  ton  measurement. 

The  prices  are  for  quantities  over  20  dozen  quarts  or  40  dozen  pints,  in 
Hess  quantity  id.  per  dozen  quarts  and  2d.  per  dozen  pints  extra.  Johnson  & 
I  Co.  take  the  Customs'  drawback. 

Free  on  board  in  the  docks  in  London,  Southampton,  Dover,  or  New- 
Ihaven,  less  5%  for  cash  on  delivery  of  bills  of  lading. 


JOHNSON   &  CO.'S 

iCANTERBURY  PALE  ALE 

(In  Bulk). 


IDraught  Ale,  in  hogsheads,  £30  per  ton  of  4  hogsheads.. 

„    ^     „  barrels   ...   £22  „  6  barrels. 

„         „  Mlderkins   £24  „         12  kilderkins. 

Free  on  1)oard  in  the  docks  in  Lonflon,  Southampton,  Dover,  or  New- 
Ihftven.  less  2^%  for  cash  on  delivery  of  bills  of  lading. 

The  season  for  exporting  Draught  Ale  commences  on  November  1st,  and 
tterminates  on  March  30th  for  distant  markets.  European  ports  can  be  shipped 
tto  every  month  except  August  and  September. 

JOHNSON  &  CO.,  Brewers,  CANTERBURY; 

AND  Gi  Basinghall  Street,  LONDON,  E.G. 

Agencies  in  Sydney,  Melbourne,  Shanghai,  Gibraltar,  ^c.  ^c. 
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THE 

COMPRESSED  TEA  COMPANY 

(LIMITED), 

36  SOUTHWARK  STREET,  LONDON,  S.E. 


''J'HE  Leaf  of  the  Tea  Plant  is  a  structure  consisting  entirclj 
of  cells  ;  each  cell  is  a  closed  sac,  composed  of  an  imperforate  membrane, 
•containing  the  soluble  ingredients  that  form  the  infusion.  The  'making'  of 
Tea,  from  the  leaves  as  imported,  ruptures  only  a.  portion  of  these  cells T  but 
if  the  leaf  be  submitted  to  a  very  high  pressure,  the  entire  mass  of  cells  is 
broken  open,  admitting  the  hot  water  to  all  alike,  thus  causing  a  considerable 
•saving  in  the  quantity  required  to  be  used,  it  being  easy  of  demonstration  that 
one  pound  of  Compressed  Tea  produces  a  liquor  about  equal  in  quantity, 
•quality,  and  strength  to  that  produced  by  two  pounds  uncompressed. 

Each  Packet  contiiins  half-a-<pound,  which  is  sub-divided  into  half-ounces, 
thus  enabling  the  Consumer  to  regulate  his  requirements  with  certainty. 

The  Company  only  selects  Tea  of  undoubted  purity,  and  the  process  it 
undergoes  prevents  the  possibility  of  adulteration,  in  proof  of  which  the 
Public  is  referred  to  the  following  extract  from  the  Analytical  Keport  of 
I>r.  Arthur  Hill  Hassall,  M.D. :—  , 

'  I  have  sxiljected  samples  both  Compressed  and  Uncompressed  of  the 
Tea  of  the  Compressed  Tea  Company  (Limited)  to  full  chemical  analysis 
«,nd  microscopical  examination,  and  find  them  to  be  of  ffood  quality  and 
perfectly  genuine.  L 

'  The  Compressed  Tea  is  more  fragrant  than  the  Uncompressed,  and,  | 
•owing  to  the  rupture  of  many  of  their  component  cells,  yields  a  larger  propor-  f 
tion  of  the  extractive  matter  and  of  the  active  constituents  of  the  Tea  than 
the  Uncompressed. 

•  The  compression  of  Tea  into  Cakes  constitutes,  in 
any  opinion,  a  REAL  and  IMPORTANT  improvement 
in  the  treatment  of  Tea. 

(Signed)  '  AETHUR  HILL  HASSALL,  M.D.' 

A  uthor  of  '  Food  and  it.t  Ad iiUeratiom,'  '  AihiVerations 
Delected;  late  Eiitor  of  '  Food,  Water,  and  Air: 
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REPORT    OIN  THE 

BLACK    AND     GREEN  TEAS 

IMPOETED  BY 

MESSRS.   HORNIMAN    &  CO. 

i_.onsr3Do:iT. 

The  Axalvtical  Sanitaiiy  Isstitutiox, 

2  Adelphi  Terrace,  Strand,  London. 

Nearly  twenty-five  years  have  passed  away  since  I  first  drew  attention  to 
the  fact,  that  all  the  China  Green  Teas  and  many  of  the  Black  sorts  imported 
into  this  country  were  artificially  coloured,  painted,  or  faced  with  various 
organic  and  inorganic  pigmentary  matters.  This  practice  I  then  denounced, 
and  I  have  never  lost  an  opportunity  of  continuing  to  do  so  since  that  period. 
In  fact,  from  more  extended  knowledge  and  experience  of  the  subject,  I  am 
of  opinion  that  the  practice  is  one  which  ought,  in  the  interest  of  consumers, 
to  be  condemned  in  the  strongest  possible  tei-ms. 

In  1859  I  visited  some  of  the  Bonded  Tea  Warehouses  containing  consign- 
ments of  Tea  to  the  Messrs.  Horniman,  and  I  secured  samples  therefrom, 
which  I  subsequently  submitted  to  analysis.  I  likewise  then  visited  and 
inspected  Messrs.  Horniman's  Warehouse  in  Wormwood  Street,  securing 
samples  there  in  like  manner,  as  well  as  from  some  of  the  appointed  Agents  of 
Messrs,  Horniman,  and  I  subjected  the  whole  of  the  samples  thus  obtained  to 
full  examination  and  analj'sis. 

I  have  again,  after  a  lapse  of  fifteen  years,  instituted  a  similar  inquiry. 
I  have  obtained  a  variety  of  samples  of  Black  and  Green  Tea  from  Messrs. 
Horniman's  stock  in  the  Bonded  Warehouses,  from  their  London  Warehouse', 
and  from  some  of  their  Agents.  ' 

The  whole  of  the  Teas  thus  obtained  have  been  subjected  to  full  examina- 
tion and  analysis  with  the  following  results  : — 

1st.  That  the  whole  of  tlie  Teas  examined  M'ere  genuine,  that  is  to  say, 
they  consisted  wholly  of  the  leaf  of  the  Tea-plant— not  a  single 
foreign  leaf  being  in  any  one  of  the  samples. 
2nd.  That  the  whole  of  the  Green  Teas  were  entirely  free  from  foreign 
colouring  matters— the  turmeric,  the  Prussian  blue,  and  the  silicate 
of  magnesia,  or  soap,  stone,  &c.— with  which  the  China  Green  Teas 
are  so  constantly  faced. 
3rd.  That  the  whole  of  the  Teas  from  Messrs.  Horniman's  stock  in  the 
Bonded  Warehouses,  from  their  London  Warehouse,  and  from  their 
appointed  Agents,  were  of  good  quality  as  well  as  geniaine,  and  that 
they  furnished  the  full  proportion  of  extractive  matters  characteristic 
of  good  Tea, 

(Signed)        ABTHUR  HILL  HASSALL,  M.D. 

Author  of  the  Reports  of  the  Analj-ticnl  Sanitnrv  Commisssion  of  the 
Lancet,  now  published  uiuler  the  title  of  •  Food  and  Its  Adulterations  ;  ' 
of  Adulterations  Detected  ; '  and  Editor  of  •  Food,  Water,  and  Air,'  &c. 


SOLD  IN  PACKETS  BY  3,538  ABENTS,  CHEMISTS,  CONFECTIONERS,  &c. 
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NINE  EXHIBITION  MEDALS  A  WARDED  TO  J.  S.  FRY  d  SONS. 


FRY'S  CARACAS  COCOA. 

This  Cocoa  owes  its  Delicious  Flavour  to  the  use  of  the  celebrated 
Caracas  Nut,  combined  with  other  choice  descriptions,  specially- 
selected  for  their  peculiar  excellence,  and  invigorating  qualities. 

'  Caracas  Cocoa  has  ever  been  considered  the  best  of  all  that  is  produced 
upon  tlie  American  soil.' — B,,  T.  C.  Middletok,  Consul-General,  Caracas. — 
Journal  of  Applied  Science, 

'  No  more  delicious,  refreshing,  nourishing,  and  wholesome  beverage  has 
ever  been  manufactured.' — Morning  Post. 

'  A  packet  can  easily  be  obtained,  and  its  delicate  flavour  and  fine  aroma 
ensure  its  adoption  as  a  beverage  for  breakfast  or  supper.' — Standard, 

'  The  Caracas  Cocoa  of  such  choice  quality.' — Food,  Water,  and  Air,  edited 
by  Dr.  Hassall. 

'  A  most  delicious  and  valuable  article.' — Standard. 


FRY'S  EXTRACT  OF  COCOA. 

In  6d.  Packets,  Is.  and  2s.  Tins. 

A  perfectly  pure  and  delicious  beverage,  prepared  exclusively  from, 
choice  Cocoa  Nibs  deprived  of  the  superfluous  oil,  and  of  great  value 
to  invalids  who  wish  to  avoid  rich  articles  of  diet.  Purchasers  of  this 
class  of  Cocoa  should  ask  for  •  Fry's  Extract  of  Cocoa.' 

'  The  "  Extract  of  Cocoa,"  which  really  consists  of  Cocoa  Nibs  deprived  of 
superfluous  oil,  than  which,  if  properly  prepared,  there  is  no  nicer  or  more 
wholesome  preparation  of  Cocoa.' — Food,  Water,  and  Air,  Dr.  Hassall. 


FRY'S  CARACAS  CHOCOLATE. 

In  5  lb.  and  \  lb.  Cakes.    Yellow  Wrappers. 

This  really  excellent  and  delicious  Chocolate  is  also  prepared  with 
Caracas  and  other  choice  Cocoas,  long  adopted  in  the  manufacture  of 
the  finest  Chocolates  of  Europe.  It  is  offered  at  a  very  moderate  price, 
and  the  Manufacturers  confidently  challenge  for  it,  competition  with 
any  other  Chocolate,  whether  of  English  or  Foreign  Manufacture,  at  a 
similar  price. 

'  Fry's  Caracas  Cocoa  and  Chocolate  fulfil  every  possible  reqtiirement  for 
convenience,  for  flavour,  and  for  purity.' — Court  Circidar. 
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SCHWEITZER'S 

COCOATINA. 

ANTI-DYSPEPTIC  COCOA  OE  CHOCOLATE  POAVDEE. 


GUARANTEED  PURE  STRONGLY  RECOMMENDED 

SOLUBLE  COCOA,'  FACULTY 
WITHOUT  ADMIXTURE.      ^^m^       FOR  FAMILY  USE. 

CocoATiNA  is  the  highest  class  of  Soluble  Cocoa  or  Chocolate  in  a  con- 
centrated form,  consisting  solely  of  the  finest  Cocoa  Beans  without  Sugar,  the 
excess  of  fat  being  extracted  by  a  delicate  mechanical  process,  -without  prejudice 
to  quality  or  flavour. 

THE  FACULTY  pronourtce  it  'the  most  nutritious,  perfectly  digestible 
beverage  for  Breakfast,  Luncheon,  or  Supper,  suitable  to  the  healthy 
as  well  as  to  the  weak.' 

HIGHLY  RECOMMENDED  BY  THE  ENTIRE  MEDICAL  PRESS. 

COCOATINA  will  bear  the  Strictest  Chemical  Investigation. 

It  is  prescribed,  with  great  success,  for  delicate  Females  and  Cliildren, 

•  when  all  other  food  is  rejected ;  and  celebrated  for  its  restorative  properties  in 
1  cases  of  Debility  and  Imperfect  Digestion. 

Being  absolutely  free  from  Sugar  (the  excess  of  Fat),  or  any  admixture, 
i  it  keeps  better  in  all  Climates,  and  is  four  times  the  strength  of  Cocoas  thick- 
tencd  yet  weaJcened  witli  Arrowroot,  Starch,  &c.,  and  in  reality  cheaper;  one 
iteaspoonful  being  sufl&eient  for  a  cup  of  Cocoa  {the  cost  of  which  is  less  than  a 
I  halfpenny),  and  two  or  more  for  a  cup  of  Chocolate. 

CocoATiNA  ft  la  Vanille  is  the  most  delicate,  digestible,  and  cheapest  Vanilla 
I  Chocolate,  and  is  taken  when  richer  Chocolates  are  prohibited. 

Dr.  Arthur  Hill  Hassall  says  in  Food,  Water,  and  Air : — 
'  This  preparation  has  more  than  once  been  brought  under  onr  notice,  and  alwavs  with 

•  the  same  result.   It  consists  entirely  of  the  powder  [of  a  marvellous  degree  of  fineness]  of 

■  the  very  best  qualities  of  the  Cocoa  Bean,  without  the  smallest  admixture  of  Sugar,  Starcji, 

■  or  Arrowroot.  It  is  consequently  full  of  aroma  and  flavour,  and  is  lighter  and  more  digest- 
:  ible  than  are  most  Cocoas,  thickened  and  yet  weakened  by  admixture  with  large  quantities  of 
I  farinaceous  matter. 

DIRECTIONS  FOB  USE  ON  THE  LABEL  OF  EACH  PACKET. 


-  Hetailcd  in  Air-tight  Tin  Packets  only,  at  Is.  6d.,  3s.,  5s.  6d.,       by  Che^nists; 

Grocers,  ^c. 

SOLE  PROPEIETOES, 

:H.  SCHWEITZER  &  CO.,  10  Adam  St.,  London,  W.C. 

3  N  ' 


16 


BARRY  &  CO. 

CHICORY,  COCOA,  AND  MUSTARD  MANUFACTURERS, 

29  &  30  ROPEMAKER  STREET, 

AND 

6  TYPE  STREET,  FINSBURY,  LONDON,  E.C. 

Bonded  Export  WarelioTise : 

GRAND  SURREY  DOCKS,  LONDON,  S.E. 


BABRY  #  CO.  heg  to  call  special  attention  to  the  folloiving  Leading 
Articles  of  their  Manufacture: — 

PREP  ABED  COCOA  in  \lh.  packets,  Is.  per  lb.  PEARL  COCOA, 
ilb.  packet.  8d.  per  lb.  Also  HOMCEOPATHIC  COCOA,  in  tin-foil 
jackets.  ROCK  COCOA,  and  GENUINE  FLAKE  COCOA. 
PURE  TRINIDAD  COCOA  NIBS,  guaranteed  perfectly  free  from 

any  colouring  matter. 

And  every  other  description  of  Cocoa  and  Chocolate. 


BARRY  &  CO.'S  GENUINE  MUSTARD. 

The  Extra  Strong  and  Double  Supei-fine  qualities  are  prepared  from 
the  choicest  Brown  and  White  Mustard  Seed,  combining  great  pungency 
•with  delicate  flavour.  

BARRY  &  CO.  guarantee  every  article  of  their  manufacture 
to  be  perfectly  free  from  any  injurious  ingredients. 


Adveriisements. 
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THE  'WARRANTED'  PICKLES. 

DK.  HASSALL'S  KEPOBT.— 'These  Pickles  have  been  Bubjeoted  by  me  to  oorafiz 
.Analysis,  and  witb  the  most  satisfactory  results. 

They  were  found  to  be  free  from  the  smallest  trace  of  Copper  and  of  uncombined. 
I'Sulphuric  Acid. 

•  L'Si  d  >'ovember,  1870.  (Signed)  'AKTHTTR  HILL  HAS  SALT/,  M.D." 

PnEPATlED  OJfLV  BY 

■48  &  49  WELLCLOSE  SQUARE,  and  10  &  12  PELL  STREET,  LONDON,  F. 


SELECTED   VEGETABLES.        PUREST   GRAIN  VINEGAR. 

Established  40  Tears. 

CADBURY'S 
COCOA  ESSENCE, 

cijar.i;vtex:d  pure  Ajsn  soLVBiiK, 

•Is  now  taken  by  thousands  as  a  light  and  invigorating  Beverage  who  could  not  before  use 
*  Prepared  Cocoa,'  owing  to  its  being  too  thick  and  heavy.  It  is  three  times  the  strength  of 
Tthe  best '  Homoeopathic  Cocoas,'  to  which  starch  and  sugar  is  added. 

CADBURY'S  MEXICAN  CHOCOLATE 

((In  Blue  Wrapper)  Consists  solely  of  the  Finest  Cocoa  and  White  Sugar. 

edward"~pinkY  pickles 

ARE   THE  BEST. 


ALSO 


JAIS,  JELLIES,  AlfD  lARlALADE, 

OF  VERY  SUPERIOR  QUALITY. 

Thei/  can  be  obtained  of  Grocers  or  Oilmen  throughout  the  United  Kingdom. 


The  Axalvticai,  SANiTAnT  IxsnxcTiox. 

14  JOH.V  Si'ltKET,  ADEi.rrii,  LO.NDOR. 

utU  February  1874. 

I  have  carefully  analysed  two  samples  of  the  Pickles  prepared  by  Mr.  E.  PINK.  Thev 
iarc  made  with  good  strong  vinegar,  entirely  free  from  uncombined  sulphuric  acid.  The 
vegetables  employed  are  of  good  quality,  and  carefully  selected.  A  minute  search  was  mart-j 
•for  copper,  but  not  a  trace  of  that  metal,  so  frequently  present  in  Pickles,  could  be  detected. 

ARTHUR  "lULL  HASSALL,  M.D. 
Author  of 'Food  and  its  Adulterations,'  ' Adulterationt  Delected 
and  late  F<,Utor  of  'Food,  Water,  and  Air,' 
3  N  2 
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EDWARD  PINK'S  MARMALADE 

IS   THE  BEST. 

Prepared  by  Steam  Madiinery  of  the  Finest 
Seville  Oranges  and  Refined  Sugar. 

ALSO 

JAMS,  JELLIES,  PICKLES,   &  SAUCES 

OF  VERY  SUPERIOR  QUALITY. 

They  can  be  obtained  of  Grocers  or  Oilmen  throughout  the  United  Kingdom. 

The  Analytical  Santiary  iNs-nruTiox, 

2  ADELPHI  TKURACE,  STItAJJD,  LONDOX. 

5th  Fehruani  1874. 

I  have  recently  visited  the  Manufactory  of  Mr.  ED"\VAKD  PINK,  and  have  mode  myself 
thoroughly  acquainted  with  the  process?  of  Manufacture  of  Marmalade  therein  pursued.  I 
find  that  much  care  is  bestowed  upon  its  preparation,  it  being  made  by  the  aid  of  appro- 
priate and  ingenious  macliinery  on  a  largo  scale,  and  in  an  incredibly  short  space  of  time.  I 
liiid.  further,  that  the  Marmalade  is  prepared  (with  the  exception  of  a  small  quantity  of 
Ajiple  Jelly,  which  is  used  to  soften  and  mellow  the  strong  bitter  of  the  Orange)  entirely 
from  the  '  Seville  Orange,'  and  that  it  is  free  from  the  smaUest  trace  of  copper  and  other 
imnurities.  Of  the  wholesomeness  of  Orange  Marmalade  when  thus  prepared,  nothing  need 
l^  said.  AKTHXJR  HILL  HASSALL,  M.D. 


PURE  BLACK  TEA,  PURE  COEFEE, 

PURE  UNCOLOURE0  GREEN  TEA. 

THE  BEST  ANDCHEAPEST  BLACK  TEA. 

STRONG  to  FINE  BLACK  TEA, 
Is.  4d.,  Is.  6d.,  2s.,  2s.  3d.,  and  2s.  6d.  per  Pound, 

40a-.  Tivorth  sent  carriage  free  to  any  railway  station  or  market  town 
in  England  or  "Wales,  on  receipt  of  40s.,  by 

PHILLIPS  &  CO.,  Tea  Merchants, 

8  KING  WILLIAM  STREET,  E.C. 

PRIME    COFFEE,   Is.  4d.,    Is.  6d.,   Is.  8d. 

A  Price  and  Store  List  containing  Dr.  Hassall's  last  report  on  Phillip* 
A2?D  Company's  Tkas,  is  sent  post  free  on  application. 


Advertisements. 
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CEOSSE  &  BLACK¥ELL, 

PURVEYORS  TO  THE  QUEEN, 
SOHO   SQUARE,  LONDON, 

Direct  attention  to  the  following  articles  of  their  Manufacture, 
Avbich  always  bear  their  Name  and  Address  on  the  Labels. 

pURE  PICKLES  IN  MALT  VINEGAK 
CAPT.  WHITE'S  ORIENTAL  PICKLES, 

an  exquisite  compound  of  SNveets  and  sours. 

pURE   MALT   VINEGAR  of  uniform  strength 

and  flavour,  in  Imperial  pint  and  quart  bottles. 

gTuCES   FOR   FISH,    GAME,'  "&cT" 
pOTTED  MEATS  and  FISH  infancy  tins  and  jars 
MOCK  TURTLE,  OX-TAIL,  HARE,  GRAVY, 

JULIE^^NE,  and  MULLIGATAWNY  SOUPS. 

JAMS,  JELLIES,  and  ORANGE  MARMALADE 

made  from  fresh  Fruit  and  with  refined  Sugai-  only. 

(JALVES' -  FEET   JELLY  in  bottles.  Orange, 

Lemon,  Madeira,  and  Vanilla  flavours. 

PLAVOURING  ESSENCES,  distilled  from  the 

fresh  Fruits  and  Spices,  Orange,  Lemon,  Vanilla,  Almond,  Ginger,  Mace,  &c. 

Crosse  &  Blackwkll's  Genuine  Manufactures  always  hear  iheir  Name  and 
Address  on  the  Labels,  and  may  he  obtained  of  Grocers,  Chemists,  and  Italian 
WarehousemcJi  throughout  the  World. 


:e'cdti    I  nsr -A.  l  I  id  s - 
CLEAR  TURTLE  and  other  SOUPS.     BEEF  TEA  and  ESSENCE  of  BEEF. 
ESSINCE  of  CHICKEN  and  CHICKEN  BROTH.    CALVES'-FE'ET  JELLIES. 

I'ltEPAHED  BY 

CEOSSE  &  BLACKWELL,  Purveyors  to  the  ftueen,  Soho  Square,  London. 

May  lae  obtained  of  most  Grocers,  Cliemists,  and  Italian  Warehousemen. 
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BATGER  &  CO. 

"WHOLESALE  MANUFACTUUING 

CONFECTIONERS, 

BROAD  STREET,  RATCLIFF,  LONDON,  E. 

CITY  OFFICES,  SALE  ROOMS,  AND  FANCY  GOODS  MANUFACTORY- 

96,  97,  &  98  HOUNDSDITCH,  E. 

Established  in  Bishop.sgate  Street,  in  1748. 

CANDIED  PEELS. 

LOZENGES  of  every  description. 

COMFITS  and  MIXED  CONFECTIONERY.  • 

BOILED  SUGAR  CONFECTIONERY. 

JUJUBES  and  PASTILLES. 

BOTTLED  FRUITS. 

JAMS  and  PRESERVES  of  every  kind. 
CRYSTALLIZED  and  GLACES  FRUITS 
BRIGHT  TABLE  JELLIES,  CALFSFOOT,  dc. 

Cossacks,  Bon-Bons,  Bride  Cake  Ornaments,  Gum  Paste  Gooda^ 
and  the  Largest  Assortment  of  Ornamental  Confectionery 
in  tlie  Kingdom  always  on  view  at 
96,  97,  &  9S  HOUNDSDITCH. 
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UNPAKALLELED  SUCCESS  OF 

GOODALL'S  WORLD-RENOWNED 

HOUSEHOLD  SPECIALITIES, 

GhOODALL'S  BAKIISTG^-POWDER. 
YORKSHCmE  RELISH. 


G^OODALE'S    QXJIlSrilSrE  WINE. 


DR.   HASSAXiL'S  FOOD. 

A  Single  Trial  Solicited  from  those  who  have  not  yet  tried  these 
splendid  frc^parations. 


GOODALL'S   BAKING  POWDER. 

THE  BEST  IN   THE  WOKLD. 

The  cheapest  because  the  best,  and  indispensable  to  every  household,  and 
an  inestimable  boon  to  housewives.  Makes  delicious  Puddings  without  eggs. 
Pastry  -without  butter,  aud  beautiful  light  Bread  without  yeast.  Sold  by 
arocers,Oilmen,  Chemists,  &c.,  in  Id.  Packets,  Gd.,  \s.,\s.  6d.,  and 2s.  Tins. 

Prepared  by  GOODALL,  BACKHOUSE,  &  CO,,  LEEDS. 


YORKSHIRE  RELISH. 


The  most  Delicious  Sauce  in  the  "World. 

This  cheap  and  excellent  Sauce  makes  the  plainest  viands  palatable,  and 
the  daintiest  dishes  more  delicious.  To  Chops,  Steaks,  Pish,  &c.,  it  is 
incomparable.  Sold  by  Grocers,  Oilmen,  Chemists,  &c.  in  Bottks,  6d.,  1*,, 
and  2i.  6d.  each. 


IIADK  MARK.       Prepared  by  GOODALL,  BACKHOUSE,  &  CO.,  LEEDS. 


GOODALL'S   QUININE  WINE. 

The  best,  cheapest,  and  most  agreeable  tonic  yet  introduced.  The  best 
remedy  known  for  Indigestion,  Loss  of  Appetite,  General  Debility,  &c.  &c. 
Kestores  delicate  invalids  to  health  and  vigour.  Sold  by  Chemists,  Grocers, 
Sic,  at  Is.,  Is.  IM.,  2s.,  and  2s.  3d.  each  Bottle. 

Prepared  by  GOODALL,  BACKHOUSE,  &  CO.,  LEEDS. 
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GENUINE  PICKLES 


PEEPAKED    SOLKLT  BY 


W.  &   D.  HARVEST, 

DOWGATE     DOCK,  LONDON 


Mot/ 
Arerdaee 
Abergavekny 
Alpord 
Alnwick 
Ampthill 
Aylesbury 
Banbury 
Bedford 
Brighton 
Berwick 
Bewdley 

BiLSTON 

Birmingham 

Bristol 

Cambridge 

Cardiff 

Canterbury 

Cheltenham 

Colchester 

Coventry 

Croydon 

Darlington 

Derby 

Dorchester 

Dover 


be  obtained  fro7n  all  tlie  leadinq 
Doncaster 
Dudley 
Ely 
Exeter 
Falmouth 
Folkestone 
Gloucester 
Grantham 
Great  Bridge 
Grimsby 
Goole 
Guernsey 
Hastings 
Hull 

Horncastle 
Ipswich 
Jersey 

Kidderminster 
Lincoln 
Lowestoft 
Landport 
Margate 
Mansfield 
Middlesborough 


Grocers  in 

Nottingham 

Newport 

Northampton 

Old bury 

Oxford 

Peterborough 

Portsmouth 

Plymouth 

Penzance 

Ryde 

Ramsgate 

Retford 

Southampton 

Spalding 

Sheffield 

Scarborough 

tonbridge 

Taunton 

Tavistock 

Wolverhampton 

"Whitby 

Winchester 

WiSBEACH 

York 
Yarmouth 


AND  NEABLY  EVEBY  TOWN  IN  THEIKINGDOM. 

ALSO 

HARVEST'S   GENUINE   ESSENCE  OF  ANCHOVIES, 


AND 


HARVEST'S   BENGAL  PICKLE. 


W.  &  D.  HARVEST,  DOW&ATE  DOCK,  lOMOI 
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FARINACEOUS  FOOD 

Has  been  extensively  used  by  the  Public  for 
upward  of  BO  TEARS, 

And  -veell-known  as  superior  to  all  descriptions  of  Food 

FOR    INFANTS    AND  INVALIDS. 

JONATHAN   PEREIRA,  M.D. 

AND 

ARTHUR    HILL    HASSALL,  M.D. 
Give  the  following  Reports:— 

'  I  have  cirefullj'  examinecl  and  repeatedly  proscribed  •'Hards'  FarinaceouB  Food"  (see- 
Pereirii's  "  Treatise  on  Food  and  Diet,"  pages  30!)  and  4T,i,  &c.)  which  is  prepared  from  the 
most  nutritious  of  the  Cereal  grains.  It  combines  botli  nitrogenised  and  non-nitrogenised 
alimentary  principles,  and  for  a  very  valuable  Food  for  Children  and  Invalids. 

'JONATHAN"  PEBBIBA,  M.D.,  F.E.S. 

'  47  Finsbnry  Square,  '  Phj-siciau  to  the  London  Hospital. 

•Julyl,  1843.' 


'  I  have  recently  examine<l  with  much  care,  both  microscopically  and  chemically,  the 
article  known  as  "  Hards'  Farinaceous  Food,"  which  has  now  been  before  the  public  foi  so 
many  years. 

'  I  find  it  to  bo  carefully  prepared,  to  be  perfectly  genuine,  and  highly  nutritious ;  those 
results  being  corroborated  by  many  pi-evious  examinations  of  tlie  article  made  atvaiious 
times,  during  the  iwst  few  years,  and  entirely  without  the  knowledge  of  the  proprietor.  . 

'  It  possesses  certain  important  advantages  over  the  majority  of  Food  sold  for  Infants 
and  Invalids,  it  being  more  digestible,  and  in  the  large  i)roportion  of  gluten  which  it  contains, 
and  which  is  the  blood  and  flesh-producing  constituent  of  the  Food.  The  greater  numbei' 
of  Farinaceous  Foods  sold,  consist  wholly  of  arrowroot  or  starch,  which  do  not  contain 
gluten  or  nitrogen  in  any  form,  and  such  articles  are  therefore  wholly  destitute  of  any 
principle  from  wliich  blood  and  flesh  can  be  formed,  so  that  infants  fed  exclusively  upon 
them  would  be  in  danger  of  dj-ing  from  actual  starvation.  This  fact  cannot  be  too  generally 
impressed  upon  Mothers,  and  all  persons  engaged  in  the  rearing  of  Children. 

'ARTHUR  HILL  HASSALL,  M.D. 

'  Analyst  of  the  Lancet  Sanitary  Commission, 
'  Author  of  "  Food  and  its  Adulterations,"  &c» 
'  Wimpole  Street,  Cavendish  Square,  W.'  « Feb.  1, 18G0.' 


Sold  in  all  farts  of  the  world  by  Chemists,  Fatc7it  Medicine  Vendors,  a>id 
Italian  Warehousemen,  in  Is.  and  2s.  Packets,  and  Tin  Cases  Ts.  6d.  each;  and 

WHOLESALE   AT  THE 

ROYAL  VICTORIA   MILL,  DA  RTF  OR 
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N  EAVES  FOOD 


FOR 


TRADE 


MARK. 


INFANTS  AND  INVALIDS, 

Is  a  ■pre})aration  from  the  finest  description- 
of  Cereal  Grains. 


It  is  rich  in  albumenoids,  starch,  phosphates,  cellulose,  &c.,  and  is  highly- 
recommended  by  medical  men  and  others,  who  have  brought  up  their  own 
children  upon  it. 

Dr.  C.  A.  C.uiKRON,  of  Dublin,  says  of  this  food— 
'This  is  an  excellent  Food,  admirably  adapted  to  the  wants  of  infants  and  young  persons. 
It  contains  a  small  though  sufficient  quantity  of  very  fine  bran,  which  being  rich  in  phos- 
phates and  potash,  is  of  the  greatest  iitiUty  in  supplying  tlie  bone-forming  am\  other  indis- 
pensable elements  of  food.  The  albumenoids,  or  flesh-forming  ingredients  of  this  food  arc 
Tery  abundant ;  and  its  large  percentages  of  fat-producing  materials  will  effectually  contri- 
bute to  the  maintenance  of  the  heat  and  work  of  the  animal  mechanism.  Although  pecu- 
liarly adapted  to  the  wants  of  the  young,  this  food  may  be  used  with  advantage  by  persons- 
of  all  ages.' 

The  late  Dr.  Laxkesteu,  F.B.S.,  Coroner  for  Middlesex,  said— 
'  I  have  examined  specimens  of  Neave's  Pauinaceous  Food  for  Infants  and  Invalids, 
and  find  it  to  consist  of  carefully  prepared  flour  from  cereal  grains,  and  to  be  free  from  any 
impurities  or  substances  of  an  injurious  character.  I  have  also  tested  dietetically  the  Food 
prepared  .according  to  the  directions  for  use,  and  have  found  it  to  be  a  very  agreeable- 
article  of  diet.  I  have  pleasure  in  recommending  it,  especially  for  children,  as  containing,  in 
due  proportion,  the  flesh-forming  and  heat-giving  elements  of  food.' 

From  Dr.  Hassall,  Author  of  '  Food  and  its  Adulterations,'  and  other  Works. 
'  The  chemical  analysis  of  a  sample  of  Neave's  Food,  recently  made  by  me,  furnishes  the- 
following  results : — 

Moisture   5-77  ■per  cent. 

Kitrogen,  3*07  per  cent.,  equal  to 
gluten  (the  flesh-forming  element)     18-OS  ,, 

Fatty  Matter   9-39  „ 

Starch,  gum,  cellulose,  &c   7l"51  „ 

Saline  matter,  chiefly  phosphates,  . .       1-3.5  „ 
'  These  results  are  remarkable  in  several  respects  ;  as  for  the  small  quantity  of  moisture- 
contained  in  the  article,  the  large  amount  of  the  flesh-forming  material,  of  fatty  matter, 
and  of  phosphates.   Further  they  demonstrate  that  this  Food  is  of  a  highly  nourishing 
character,  and  admirably  suited  for  the  sustenance  of  Infant  Children  and  of  Invalids.' 


Many  other  medical  and  2>rivate  testimonials  might  be  added,  but  they  are  unne- 
cessary, as  a  trial  will  be  a  most  satisfactory  proof  of  excellence. 


Ifeave's  Food  is  sold  in  Shilling  Tins   by  Chemists  and  Grocers 

at  home  and  abroad. 


J.  R.  NEAVE  &  CO.,  MANUFACTURERS,  FORDINGBRIDGE. 
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SILVER  MEDAL, 
PARIS    EXHIBITION,  1867. 


TRAD 


SAVORY  &  MOORE'S 


TRAfiE 


%t%\  im\  hx  Infants, 


AS  SUPPLIED  TO  THE  ROYAL  NURSERIES. 

Specially  prepared  on   the  prmciples   rccovunended  by 

BARON  LIEBIG. 


"The  Infant  Prince  has  taken  this  Food  for  some  months 
past,  and  thrives  upon  it  as  a  Prince  should."— Dr.  Richardson. 

MEDICAL  AND  SCIENTIFIC  TESTIMONY. 

"In  the  preparation  of  an  infant's  food,  required  at  all  hours  of  the  day  and  nieht 
Uie  saving  of  time  and  trouble  is  of  the  utmost  importance.    '  Tlie  Infants'  Food  of 
Messrs.  Savory  &  Moork  is  a  ki!AL  improvi;mi;nt    on  the  ordinary  proparations."— 

  The  La.ncet. 

_  _  We  can  tell  from  our  own  experience  that  this  Food  once  tried,  becomes  a  favor- 
ite m  the  nursery,  and  that  children  thrive  well  on  it."— JIedical  Times  and  Gazette, 

"  Savory  &  ^SIoore  have  saved  mothers  and  nurses  much  time  and  trouble  by 
supplying  them  with  a  Food  for  Infants  in  a  very  convenient  form,  and  of  a  composition 
that  can  always  be  relied  on.  It  can  be  taken  when  nothing-  else  can.  It  has  been 
analysed  and  examined  by  Drs.  Lankhster  and  Richardson  and  has  bekn  pr\ctic\lly 

TESTED  ON  NO  LESS  A  PERSO.N  THAN  .4  RoVAL  PrinCE." — The  MkDICAL  PrESS. 

,   .  HAS.SALL,  reports,  "This  Food  is  eminently  adapted  to  the  food  of  infants, 

being  highly  nourishing,  and  what  is  of  the  greatest  consequence,  of  easy  digestibility." 


Dr,  T. 


HERBERT  BARKER,  f  r.s.,  Author  of  "Right  Foods  for 
J nfan  tsand  Ch  ildrcn . ' ' 


The  Liebig  s  Food  of  aiessrs.  Savory  &  Moore  is  the  Best  Preparation,  all  the 
crude  products  contained  therein  being  made,  by  scientific  manipulation,  more  susceptible 
of  the  transformation  necessary  for  their  easy  assimilation,  while  other  valuable  nutritive 
ingredients  are  added,  which  give  it  a  closer  resemblance  to  the  n.atural  food,  and  so  make 
it  far  superior  in  promoting  the  healthful  growth  of  children.   This  rese.mbles  mothur's 

MILK  AS  CLOSELY  AS  POSSIBLE." 


SAVORY 


«&  MOORE, 

h%-%  tlt£  irina  of  m&\t% 


ilj£  i&iirilJi;  cf  %irptr&r., 
143,   NEW   BOND  STREET,  LONDON, 

*    AND  86,  KING'S  ROAD,  BRIGHTON, 
Sold  in  Tins,  1/-,  2/-,  5/-,  and  10/-  eacb- 
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THE  NEW  FOOD. 

F  A  R  I  N  A 

Patented  in  Great  Britain,  the  United  States,  Prance^ 

and  Belgiiun. 


Pronounced  by  th.e  Faculty  and  th.e  Medical  Press— 

'UNQUESTIONABLY    THE    BEST  DIET 
FOR  CHILDREN   &  INVALIDS.' 


The  peculiarity  of  Famna  Vitte  consists  in  the  near  assimilation  of  the 
elements  and  principles  of  certain  flours  and  meals,  in  such  proportions  as 
•will  render  the  mixture  chemically  identical  with  the  constituents  of  the- 
human  body  itself.  It  is  therefore  obvious  that  the  use  of  Farina  Vitje 
■will  eflFect  a  vast  economy  of  the  vital  forces  of  the  body.  It  is  very 
agreeable  to  the  palate,  and  can  be  prepared  in  many  delicious  forms  for  the 
table. 

It  relieves  indigestion,  constipation,  and  disorders  of  the  stomach,  and 
maintains  the  body  in  sound  health.  More  nutritious  than  meat ;  exceptionally 
rich  in  phosphates ;  most  excellent  for  puddings,  custards,  omelettes,  soups,  &c. 


SOLD  EVEBYWHEBE.    1  lb.  Packets,  Is.  6d. 


Manxtfactured  by 
Hollawd  Street,  I3i,ackfriaes,  London. 
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dr.a.h.hassall's  food 

FOR  UMTS,  GHILDREI,  &  nYALIDS. 


THE  BEST  FOOD  FOR  INFANTS  AND  INVALIDS. 

DR.  ARTHUR  HILL  HASSALL,  M.D.,  recommends  this  as  the  best  and 
most  nourishing  of  all  Infants'  and  Invalids'  Food  which  has  hitherto 
been  brought  before  the  public.  It  contains  every  requisite  for  the  full  and 
^healthy  support  and  development  of  the  human  body,  and  is,  to  a  considerable 
■extent,  self-digestive. 

MEDICAL  TESTIMONY. 


Extract  fi-om  the  Lancet,  Febniaiy  20,  1875. 
'  One  of  the  best  Foods  that  has  j'et 
been  devised.' 

Extract  from  the  Medical  Times  ami  Gazette, 
AprillO,  1875. — 'Like  the  two  most  per- 
fect types  of  Food,  Milk  and  Bread,  this 
Food  contains  all  the  necessary  elements 
for  sustenance  and  growth.' 

Extract  from  C.  EsxcouiiT,  Public  Food 
Analyst  for  Manchester.  —  '  Invahiable 
Food  for  Infants,  or  persons  of  delicate 
digestive  power.' 

Extr.act  from  Alfiiud  Hill,  M.D.,  Medical 
OfiScer  of  Health,  Birmingham. — 'A  nu- 
tritions, readily  digestible,  and  very  agree- 
able Food,  adapted  for  Infants,  Children, 
and  Invalids.' 

Extract  from  W.  Trench,  M.D.,  Medical 
Officer  of  Health,  Liverpool. — '  Yonr  Food 
is  a  valuable  addition  to  the  dietetics  of 
the  sick  room.' 

Extract  from  I.  CAMpnELL  BnowN,  M.D., 
Public  Food  Analyst  for  Liverpool. — '  Far 
more  desirable  as  a  Food  for  young  Children 
than  the  numerous  starchy  foods  which 
are  so  much  in  use." 

Extract  from  Sritish  Medical  Journal. — '  It 
assimilates  in  its  nutritive  value  closely 
to  milk,  the  natural  Food  for  Infants.' 

Fi-om  John  Houslkv,  F.C.S.,  Public  Ana- 
lyst for  the  county  and  city  of  Gloucester. 


'  Analyst's  Laboratory,  Police  Station, 
Cheltenham,  county  of  Gloucester,  July 
31 , 1875.-  -Closely  allied  to  the  composition 
of  human  milk,  I  have  no  donbt  it  will, 
par  excellence,  take  the  first  place  in  the 
dietary  of  any  household  where  there  arc 
children  and  invalids.' 
From  Francis  Sutto.v,  F.C.S.,  Public  Ana- 
lyst for  Norwich. — '  Country  Analvst's 
Office,  Norwich.  July  31,1875.— One  of  the 
most  perfect  Foods  for  infants  and  weak 
persons  that  has  ever  come  under  my 
notice.' 

From  W.  Walton  STonDAUT,  F.C.S.  and  C, 
Analytical  Chemist,  Analyst  for  the  city 
of  Bristol,  August  3,  1875.— 'A  valuable 
and  appropriate  Food  for  Infants  and 
Invalids,  on  account  of  its  nutritive  qua- 
lities, and  the  ease  with  which  it  is  assi- 
milated.' 

From  Edward  Moore,  Public  Analyst  for 
Brighton,  August  7,  1875. — 'From  prac- 
tical experience  of  the  Food,  its  careful 
constitution  fits  it  for  just  those  cases 
where,  as  in  infants  prematiu*ely  weaned, 
an  artificial  aliment  is  unavoidable.' 

From  Henry  Johnson,  M.D.,  Slu-ewsbnry, 
August  7,  1875. — '  A  great  boon  to  the 
nursery  and  sick  room.  Easy  of  diges- 
tion, very  sustaining  as  well  as  palatable.' 


fSold  by  Druggists,  Grocers,  OUmen,  &c.,  in  Tins,  6d.,  Is.,  2s.,  3s.  Gd., 

6s.,  15s.,  and  28s.  each. 

A  short  Treatise  by  Dr.  ARTHUR  HILL  HASSALL,  M.D.,  on  the 
'Alimentation  of  Infants,  Children,  and  Invalids,'  can  be  had  for  distribution 
■free,  on  application  to  the 

Manufacturers:  Messrs.  GOODALL,  BACKHOUSE  &  Co. 

LEEDS. 
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CAN  BE  USED  WITH  OR  WITHOUT  MILK 


DKRldge'sssFood 


_  FOR  INFANTS  INVALIDS,  «tc 

In  a  letter  to  the  Tlmes,  April  1,  1875,  W.  DOMETT  STONE,  Esq.  refeiTing  to 

the  two  deaths  of  chUdren  at  Taunton,  says '  Death  in  both  instances  clearly  resulted 
from  partaking  of  this  preparation '—viz.  Corn  FloTOT— and  says,  'It  cannot  be  too 
•widely  known  that  Corn  Flour,  per  se,  is  not  food,  but  Pure  Starch,  prepared  by  tcas?twff 
out  the  nutritive  portion  of  maize  flour.'  He  further  warns  people  to  be  on  therr  guard  as  to 
these  '  foods,'  and  adjures  them  to  refuse  all  white  preparations,  as  in  these  nutriment  has 
been  sacrificed  for  the  sake  of  appearance. 

Dr.  BABTLBTT,  the  celebrated  Analyst,  writes  to  Dr.  Ridge  &  Co. :— '  Your  Food 
proves  perfectly  genuine ;  whUe,  for  infants  and  invaUds,  the  lightness  must  be  a  most 
■valuable  quality.' 

Dr.  HASSALL,  after  a  full  analysis,  says  :— '  These  results  show  that  this  Food  contains 
constituents  belonging  to  each  of  the  four  classes  into  which  foods  have  been  divided,  viz. 
amylaceous,  oleaginous,  nitrogenous,  and  mineral.  It  is  therefore  a  very  nutritions  arUcle 
of  diet,  well  adapted  for  the  use  of  infants,  children,  and  invalids.' 

SOLD    B"5r    .A.X,Xj  CHEMIS-rS. 
Maxufactouy  : 

ROYAL  PATENT  FOOD  MILLS,  KINGSLAND,  LONDON,  N. 


E.  LAZENBY  &  SON'S 

PICKLES,   SAUCES,  AND  CONDIMENTS. 

E.  LAZENBY  &  SON,  sole  proprietors  of  the  celebrated  Eeceipts  and 
manufacturers  of  the  Pickles,  Sauces,  and  Condiments  so  long  and  favourably 
distinguished  by  their  name,  beg  to  remind  the  public  that  every  article  pre- 
pared by  them  is  guaranteed  as  entirely  unadulterated. 


92  WIGMORE  STREET,  CAVENDISH  SQUARE 

(Late  6  Edwards  Steeet,  Poetman  Square)  ; 


18  TRINITY  STREET,  LONDON,  S.E. 


HARVEY'S  SAUCE. 


CAUTION.— The  admirers  of  this  celebrated  Sauce  are  particularly 
requested  to  observe  that  each  bottle  prepared  by  E.  LAZENBY  &  SON  bears 
the  label,  used  so  many  years,  signed  '  Elizabeth  Lazenbt.' 
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COLMAN'S 

BRITISH 

CORN-FLOUR 

(PBEPARED  FBOM  BICE.) 

Is  especially  adapted  for  Bianc-Mange,  Custards, 
Puddings,  Cakes^  Soups,  &c.,  and  is  a  most 
wholesome  food  and  easily  digested  by 
Children  and  Invalids  when  prepared  with 
milk. 


Extract  from  the  Report  of  the  Committee  presented  to  the 
House  of  Commons  on  ^rd  jftdy,  1874; — 

The  attention  of  your  Committee  has  been  called  to 
the  Article  known  as  Corn-flour,  in  reference  to  which 
important  evidence  as  to  its  purity  and  its  useful  dietetic 
qualities  has  been  given  by  some  eminent  and  chemical 
authorities,  which,  however,  is  denied  by  one  witness. 
Your  Committee  are  fully  convinced  that  the  manufacture 
is  quite  legitimate,  and  that  like  Arrowroot,  Sago,  and 
other  starch  foods.  Corn-flour  is  perfectly  wholesome,  but 
that  it  should  not  in  any  case  be  given  to  infants  without 
a  considerable  admixture  of  milk. 


MUSTARD  AND  CORN-FLOUR  MANUFACTyRERS, 
108  Cannon  Street,  London. 
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THE 


BEST  CORN  FLOUR 

IS 

ANDREW  ERKENBRECHER'S 


TRADE 


MARK 


ST.  BERNHARD. 


"  C  O  R  N  E  N  A 

AWARDED  TWO  MEDALS  OF  PROGRESS 

(THE   HUSHEST  PKEMICMS), 

^TZEilSTlST  J^^  1873, 

For  Process  of  Manufacture  and   Quality  of  Goods  AGAINST  149 
COMPETITORS  from  all    parts  of  the  world,  after  a  thorough]  and 
searching  test  by  a  Jury  of  skilled  Experts  in_^Chemistry. 


Highest  Awards  at   CINCINNATI  INDUSTRIAL 
EXPOSITION,  1870  and  1871. 


FIRST  GOLD   MEDAL,   BREMEN,  1874. 


Vide  'THE  GEOCEK,'  .7%  3,  1875. 
'  As  the  cost  of  this  com  flour  brings  it  within  the  reach  of  all  classes,  and 
as  it  is  an  article  of  undeniably  good  quality,  we  have  little  doubt  that  it  will 
become  popular  in  this  country.' 

SOLE  AGENT  FOR  THE  UNITED  KINGDOM  :— 

1?.     PAMi^XEl?,    59    MAEK    LANE,    LONDON",  E.G. 

3  0 
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ACADEMIE  NATIONALE. 


ACADEMIE  NATIONALE. 


TWO   GOLD  MEDALS 
THREE  ROYAL  WARRANTS. 


PARIS. 


Never  be  without 


KEEN'S 


MUSTARD. 


The  Manufacturers  publicly  guarantee  that  all  Canisters  covered 
-with  their  well-kno-n-n  Eed  and  Yellow  Labels  contain  nothing  but 
the  pure  Flour  of  Mustard,  of  a  quality  calculPtvl  to  maintain  the 
reputation  acquired  by  their  firm  during  the  past  130  years. 


KINGhSFORD'S 

Oswego  Prepared  Corn, 

FOR  PUDDINGS,  CUSTARDS,  BLANC  MANGE,  ETC. 

The  Original  and  Best  of  all  Similar  Preparations. 


Dr.  Hassali,  reports—'  THE  OSWEGO  PREPARED  CORN  has 
been  known  to  me  for  many  years  ;  it  is  very  pure,  and  may  be  regarded 
chemically  and dietetically  as  an  arrowroot;  taken  in  conjunction  with 
Milk  or  Beef  Tea  it  constitutes  a  valuable  article  of  diet  for  Infants 
and  Young  Children.' 
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THE 


AYLESBURY  DAIRY  COMPANY, 


LIMITED 


BivcttavS. 

W.  T.  CHAELEY,  Esq.,  M.P.,  5  Crown  Office  Eow,  Temple. 
THOMAS  HUGHES,  Esq.,  Q.C.,  80  Park  Street,  Grosvenor  Square,  W.. 
NASSAU  J.  SENIOE,  Esq.,  Elm  House,  Lavender  Hill,  S.W. 
GEORGE  SMITH,  Esq.  (Messrs.  Smith,  Elder,  &  Co.)  15  Waterloo  Place, 
Pall  Mall,  S.W. 

"G.  SLANDER  ALLENDER,  Esq.,  Managing  Director,  Belgrave  Mansions, 
Grosvenor  Gardens,  S.W. 

JHrttml  nuts  ^mituvu  SiiSpcctor. 
ERNEST  HART,  Esq.,  59  Queen  Anne  Street,  Cavendish  Square,  W. 

iWcifital  33oarlf. 

E.  H.  SIEVEKING,  Esq.,  M.D.,  F.R.C.P., 
Physician  Extraordinary  to  Her  Majesty  the  Queen  ;  Physician  in  Ordinary  to 
H.K.H.  the  Prince  of  Wales ;  Physician  to  St.  Mary's  Hospital. 
CHAS.  MURCHISON,  Esq.,  MD.,  LL.D.,  F.R.S., 
Physician  to  St.  Thomas's  Hospital. 
JOHN  WHITMORE,  Esq.,  M.D., 
Medical  Officer  of  Health  ami  Public  Analyst. 
WILLIAM  HARDWICK,  Esq.,  M.D., 
Metlical  Officer  of  Health  and  Public  Analyst. 

€fiiet  OfRce. 

ST.  PETERSBURGH  PLACE,  BAYSWATER,  W. 

Secretary. 
Ml-.  HENRY  WHELAN. 


TUE  ATLEsnrBY  Dairy  Comi'ANY  are  now  supplying  Milk  to  a  large  number  of 
-private  families. 

Their  carts  visit  aU  parts  of  the  TV.,  S.W.,  and  JT-W.  districts  two  and  three  times  daily. 

By  arrangements  lately  completed,  they  arc  in  a  position  to  supply  an  increased  number 
of  customers  with  pure  Milk  from  carefully-selected  farms,  and  from  then:  own  cows  m 
Iiondon. 

The  Directors,  having  regard  to  the  alarming  disclosures  made  during  the  last  few  years 
with  respect  to  the  conveyance  of  disease  by  means  of  milk,  have  initiated  a  system  of 
InsDcction,  examination,  and  analysis  by  skilled  and  respousible  persons,  to  winch  they 
desire  to  call  attention,  and  by  which  they  feel  that  the  Company  is  in  a  position  to  give 
every  possible  assurance  of  safety  to  their  customers. 

The  names  of  the  Gentlemen  forming  the  Directory  and  Medical  Boards,  with  their 
Smitary  Inspector,  Mr.  Ernest  Hart,  are  a  sufflciont  guarantee  that  the  efficieuoy  of  the 
working  of  the  Company  is  thoroughly  attended  to. 

All  orders  to  he  addressed  to  ,  „ 

Mr.  IIEXny  WHEJ^AN, 

4'iea'etanj. 

3  o  2 
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Portman  Square. 


Orchard  Street, 


29 


BELGRAVIA. 


Ebury  Street, 


151  &  153 


The  Foot,  and  Mouth  Disease  appears  now  to  have  become  'an  annual 
visitation,  and,  in  the  absence  of  any  Government  control,  there  is  a  risk  of 
some  milk  from  tlie  diseased  cows  being  sent  to  London  for  sale. 

The  small  Dairymen  who  purchase  their  supplies  from  the  large  wholesale 
dealers  have  no  knowledge  whatever  of  the  Farms  on  wliicli  their  milk  is  pro- 
■duced,  and  consequently,  however  excellent  their  intentions,  have  no  security 
as  to  its  absolute freedom'from  taint.  Immunity  can  only  be  secured  by  such  an 
Establishment  as  The  Datky  Reform  Company,  whose  extensive  business  and 
high  organisation  embraces  a  complete  system  of  professional  inspection. 

In  addition  to  this,  the  Farms  supplying  them  are  carefully  inspected  by 
the  Directors  personally,  who  are  experienced  and  practical  men,  exercising  a 
ilaily  control  over  the  business,  and  not,  as  in  some  other  Companies,  gentle- 
men of  well-known  names  living  in  London,  whose  extensive  professional 
engagements  preclude  the  possibility  of  any  real  supervision. 

The  Dairy  Reform  Cojipany  was  the  first  to  organise  a  complete  system 
of  Sanitary  Inspection  of  their  Farms,  and  they  are  now  carefully  watched  by 
professional  gentlemen  residing  on  the  spot,  and  thus  absolute  safety  is  secured. 

J:5esides  their  usual  deliveries  of  Milk  and  Cream,  The  Dairy  Reform. 
CoMPAKY  have  lately  made  arrangements  to  supply  their  Customers  with  the 
very  best  Fresh  Butter  and  New  Laid  Eggs. 

For  particulars,  apply  at  cither  of  the  Company's  Branches. 

The  Farm  Inspection  Certificates  are  open  for  the  examination  of  Customers, 
at  29  Orchard  Street. 


29  ORCHARD 


151  &  153  EBURY  STREET 
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NORWEGIAN  CONDENSED  MILE. 


BEAR 


BRAND. 


CONDENSED  from  the  purest  Milk  of  Cows  fed  oii  the  natural 
pastures  of  the  healthful  moiintain  ranges  of  Norway,  where 
disease  is  unknoAvn,  and  the  milk  produced  is  peculiarly  rich  and 
wholesome.  Being  prepared  by  the  newest  and  best  process  and 
perfectly  genuine,  its  flavour  is  more  like  cream  than  milk,  and 
lor  dehcate  children  and  invalids  will  be  found  most  valuable.  For 
the  table  it  is  not  to  be  surpassed. 

The  Gkocbe,  May  22,  1875,  says:— 
NOEWEGIAN-  CoJJDENSED  MiLK.— This  is  a  Hew  article  whicli  has  just  been  brought 
before  the  notice  of  the  trade,  As  tlie  name  denotes,  this  millc  is  condensed  in  Norway 
where  the  industry  is  entirely  new.  It  is  prepared,  according  to  Borden's  process,  by 
the  Norwegian  Condensed  Millv  Company,  who,  in  order  to  insure  that  their  article 
shall  be  of  the  first  quality,  have  engaged  a  gentleman  for  many  years  employed  as  con- 
denser in  Borden's  establishment.  The  FLAVOUR  of  this  new  condensed  Milk,  which 
is  sold  under  the  title  of  the  '  Bear  Brand,'  is  all  that  could  be  desired,  and,  with  regard 
to  its  perfect  purity,  the  testimonials  of  'eminent  analysts'  may  surely  be  accepted 
upon  that  point.  It  may  be  noticed,  also,  that  the  article  is  prepared  from  the 
PUREST  MILK  OF  COWS  which  are  fed  on  natural  pastures,  and  it  will  readily  be 
imagined  that  the  flavour  of  the  condensed  milk  procured  from  such  sources  is  superior 
to  that  obtained  from  cows  fed  on  artificial  pastures  &c.  Having  regard  to  the  excellent 
quality  of  this  condensed  milk,  and  the  increasing  demand  which  appears  to  exist  for 
such  an  article,  we  have  no  doubt  that  the '  Bear  Brand '  will  become  very  popular. 

PREPARED  IN  HEDEMARKEN,  NORWAY. 
■GENERAL  AGENT :- ALEXANDER  BARN  EVE  LD, 

18  Trinity  Square,  Tower  Hill,  E.G. 
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TO   FARMERS,  CHEESEFACTORS,  AND  DAIRYMEN 

mo  wish  their  Chtjisb  to  have  a  Prime  CoTmir,  and  meet  a  Ready  Sale  in  tlie  London, 

nncl  other  Groat  Markets. 


R.  J.  FULLWOOD  &  CO. 

ORIGINAL  INVENTORS  OF  THE 

CELEBRATED  FLUID  EXTRACT 

OF 


The  superiority  of  this  truly  exeellent,  pure,  and  unadulterated  Annntto 
consists  in  its  in-oducing  in  Cheese  and  Butter  that  rich,  permanent  bright 
golden  cowslip  tint  so  much  desired  by  all  Cheese  and  Butter  Factors, 
and  so  universally  approved  in  the  London  and  other  great  markets. 

Messrs.  E.  J.  Fullwood  &  Co.'s  Fluid  Extract  of  Annatto  now  stands 

■unrivalled  and  triumphant  all  ever  the  world.  It  is  purely 

vegetable,  can  always  be  relied  upon,  uniform  in  strength  and  quality,  and 
cheaper  than  any  other  article.  The  great  celebrity  of,  and  increasing  demand 
for,  Full■v^•ood's  make  has  led  to  spurious  imitations.  To  protect  the  consumers 
from  fraud  Messrs.  E.  J.  Fullwood  &  Co.,  after  using  the  '  Cow '  stamp  for  SO 
years,  now  stamp  all  their  preparations  with  their  new  Trade  Mark  as 
above — '  A  Stag  with  Olive  Branch ' — to  counterfeit  which  is  felony. 


To  be  had  only  Genuine  from  the  Annatto  Works  of 

R  J.  FULLWOOD  &  CO, 

24  SOMERSET  PLACE,  BEVENDEN  STREET,  HOXTON,  LONDON. 

establisued  1785. 
Bottles  Full  Imperial  Measure. 


&>ld  througlwut  England  and  the  Colonics  hy  Clicmists,  Druggists,  and  Grocers; 
but  see  you  get  E.  J.  Full  wood's,  with  '  Stag  '  Trade  Mark. 
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Messrs.  HILL  &  SON, 

BAKEES  BY  APPOINTMENT  TO  THE  QUEEN 

{Dated  April  19ih,  1842), 
60   BISHOPSGATE   STREET  WITHIN, 

AND 

3  ALBERT  MANSIONS,  VICTORIA  STREET,  S.W., 

Beg  to  solicit  a  trial  of  their 

'HART'S  WHOLE  MEAL  UNFERMENTED 
BREAD  AND  BISCUITS.' 

This  Bread,  -which  is  made  from  the  finest  Whole  or  undressed  Meal,  con- 
tains, in  perfect  purity,  the  whole  constituents  of  the  grain ;  tlie  phosphates 
and  other  inorganic  salts  so  necessary  for  the  proper  growth  and  formation  of 
the  bones  and  teeth,  and  which  are  generally  resident  in  the  husk,  not  being 
removed.  For  children,  and  for  persons  who,  from  leading  a  sedentary  life, 
suffer  from  dyspepsia,  it  is  invaluable. 

KEPOKT  FROM  DR.  HASSALL, 

'  The  AxALYTiciL  Sahit.uiy  Isstitution,  2  ADKLrni  Terhace,  W.C, 

London  :  7ih  Nocemher,  1870. 
'  I  have  made  a  full  and  careful  analysis  of  a  sample  of  "  The  Whole  Meal  Unfeu- 
MESTioD  BnE.VD,"  as  manufactured  by  Messrs.  Hill  &  Son. 
'  It  possesses  several  advantages  over  ordinary  wliite  bread. 

'  In  addition  to  its  more  agreeable  flavour,  and  greater  keeping  properties,  these  advan- 
tages are — 

'  That  it  contains  a  larger  proportion  of  Nitrogen,  and  is  hence  more  nourishing. 

'  That  the  quantity  of  oUy  or  fatty  matter  present  is  greater. 

'  That  it  contains  the  peculiar,  natural,  fermentive,  or  digestive  principle  termed 

"  Cerealin." 
'  That  it  is  richer  in  phosphates. 

'  That  it  is  not  so  prone  to  generate  acid  products  as  is  ordinary  bread  made  with 
yeast. 

'  For  the  above  reasons  this  Bread  is  to  be  legarded  as  a  highly  valuable  article  of  diet, 
suited  alike  for  the  healthy  and  the  sick,  but  especially  for  the  young  and  the  dyspeptic. 

'  AUTHUB  HIIiL  HASSALL,  M.D.' 
Author. of '  Food  and  its  Adulterations,'  '  Adulterations  Detected'  <tc. 


WHOLE  MEAL  FLOUR,  lOd.  peii  Quaetern. 
WHOLE  MEAL  GRITS  pou  Making  Poiiiudgb,  lOd.  PEii  QuABXEnN. 
WHOLE  MEAL  SCONES,  strongly  Recommended  by  many  Medical  Men. 
(The  Whole  Meal  Scones  being  soft  and  easily  masticated,  are  admirably  adapted  for  use  by 

elderly  people.) 

/'or  convenience  of  persons  residing  in  the  Country,  Hill  &  SON  will  forward  WmI  Meal  or 
Orits,wilh  Instructions  for  munufacturiiuj  either  Bread  or  Porridge. 

Lint  of  Whole  Meal  Biscuits  forwarded  on  application. 
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POOLEY'S 


PATENT 


MALT  BREAD. 


IT  may  be  stated  as  an  axiom,  that  other  things  heing  equal,  the  measure  of 
a  man's  strength  -will  be  in  proportion  to  the  amount  of  nutritive  food  he 
can  take  and  assimilate. 

_  Bread  being  universally  consumed,  in  larger  quantity  than  any  otlier  food, 
it  is  of  the  utmost  importance  that  it  should  contain  the  largest  amount  of 
nutriment  in  the  most  readily  assimilative  form. 

It  is  well  known  that  Invalids,  and  those  whose  digestion  has  become 
impaired,  cannot  take  sufficient  ordinary  Baker's  Bread  to  supply  the  need  of 
nourishment  to  the  wasted  body  ;  hence  the  rise  of  so  many  attempts  to  supplv 
concentrated  nourishment  in  such  cases,  with  but  very  imperfect  results. 

By  the  addition  of  Malt  to  Wheat- Flour,  in  the  process  of  making,  it  has 
been  found  that  the  resulting  Bread  is  much  more  readily  digested,  the 
stomach  being  saved  a  portion  of  the  preliminary  process  of  preparing  it  for 
assimilation. 

The  advantage  of  this,  in  so  many  cases  familiar  to  the  Medical  Prac- 
titioner, will  ho  self-evident;  and  it  is  confidentlv  anticipated  that  the 
Patent  Malt  Bread  will  speedily  become  the  standard  Bread  for  persons 
with  feeble  powers  of  digestion. 


DR.   HASSALL'S  REPORT 

On  a  Sample  of  PATENT  MALT  BREAD  received  from 
Mr.  JOHN"   C.  POOLET. 

'  This  broncl  is  of  a  sweet  and  very  pleasant  odour  and  taste,  and  possesses  a  mnlt-like 
flavour,  bubjectcdto  aunlysis  it  was  found  that  it  contained  less  than  the  usual  per- 
good  quaUt""'^*'^"''''  ^^'^  ^^'^^  "  '^'^^P^^^s  genuine  and  of 

•  The  flavour  and  other  peculiar  characteristics  of  this  bread  are  no  doubt  due  to  the 
presence  ol  the  malt-flour,  the  diastase  contained  in  which,  promotes  gi-eatly  the  conversion 
ot  tne  starcu  mto  sugar,  and  tUus  renders  the  subsequent  digestion  more  easy  and  rapid. 
T  ,    oi.     ^  'AKTHUll  HILL  HASSALL,  M.D. 

'14  John  Street,  Adelphi,  June  I2th,  1875.' 


POOLEY'S   PATENT   MALT  BREAD 

Is  not  only  more  readily  digested,  but  is  more  nutritious,  more  agreeable  to  the 
palate,  and  will  keep  sweet  and  moist  much  longer  tlian  ordinary  Bread. 

Licenses  granted  to  Bakers,  on  easy  terms,  in  Districts  not 

yet  occupied. 

JOHN  C.  POOLEY,  Chemist,  Bath,  Patentee. 


Adoertisements. 
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HICKS'S    BAKING  POWDER 


PUDDINGS 
WITHOUT 


PASTR  f 

WITH  LESb 


eCOS    « UTTER, 

SUPERIOR  TO  YEAST. 
FOR  MAKING  BREAD,  AND  CAKES. 
LIGHT,  WHOLESOME,&  DIGESTIBLE. 


FACSIMILE   OF  LABEL. 

The  above  Baking  Powder,  having  acquired  in  a  very  short  period  a  large 
sale,  now  holds  a  leading  position  among  the  various  compounds  of  its  kma. 
This  has  resulted  solely  from  the  actual  merits  of  the  preparation.  In  its 
manufacture  no  materials  but  the  very  finest  and  purest  are  used,  and  their 
proportions  are  so  accm-ately  arranged  that  Bread  or  Cakes  made  with  this 
Powder  are  perfectly  sweet  and  palatable,  having  no  trace  of  bitterness  which 
often  arises  from  the  use  of  some  Baking  Powders,  as  it  also  frequently  does 
when  Brewer's  Yeast  is  employed. 

HiCKs's  Bakixg  Powdek  can  therefore  bo  highly  recommended  for  aU 
kinds  of  Bread,  Cake,  Puddings,  or  Pastry;  and  the  subjoined  extract  from 
■  Dr.  Hassan's  analytical  report,  is  satisfactory  evidence  of  its  wholesomeness. 
and  superiority  over  many  other  Baking  Powders. 

{Extract  from  Ee-port.) 
'Of  the  many  Baking  Powders  Hicks's  Powder  appears      "-L^"  ^|  "TliuArso 

present  in  many  Baking  Powders.'        ^^^^g^^  jj_  HASSALL,  M.D. 

Author  of  '  Food  and  its  Adulterations,'  '  Adul- 
terations Detected,'  late  Editor  of  '  I'ood, 
Water,  and  Air.' 

Sold  by  Grocers,  Druggists,  and  Corn  Chandlers,  in  Id.  and  2d. 
packets,  and  6d.  and  Is.  Patent  Boxes. 


WHOLESALE  OP  THE  MANUFACTUBEES, 

H  ICKS,    B  ROTHERS, 

1  MAIDEN    LANE',    QIU  E  E  N  STREET, 
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FREEMAN'S 
DIGESTIVE  BAKING  POWDER 


AND 


DIGESTIVE  EGG  POWDER. 

BEST  QUALITY  EVER  SOLD. 


TRY  IT. 


Dr.  BEETON,  Ph.D.,  says  find 
your  Digestive  Baking  Powder  is  what  an 
article  of  Domestic  economy  ought  to  be— 
ruHE  MO.M  Alum  oii  ajiy  iN.rL-Hious  ix- 
UHEDIENT.  I  have  also  been  enabled  to 
observe  the  excellent  quality  of  each  article 
used  in  the  manutactui-e.  A  Baking  Powder 
thus  prepared  needs  no  comment.' 

Signed— WALTEit  Bkkton,  Ph.  D., 
Author  of  '  lleport  on  Drinking  "Waters  on 
South  Coast '  (Sic.  &c. 


Dk. BRETON,  Ph.D.,  says  :— 'Freeman's 
Digestive  Egg  Powder  will  be  foimd  to  lessen 
the  labour  in  making  Puddings  iic,  as  with 
the  use  of  this  Powder  it  can  be  mixed  and 
laid  aside  until  convenient  to  be  cooked.  I 
find  also  the  ahsexce  op  Alum  ou  ant  Cf- 
juiiious  INGUKDIENT.  This  Powder  can 
therefore  be  added  to  the  list  of  digestible 
articles  of  diet.' 

Signed— Wai.ter  Bretox,  Ph.D., 
Public  Analyst, 
Author  of  '  Reports  on  Drinking  AYaters '  iSic. 

These  articles,  on  merit  alone,  have  had  an  enormous  sale  during  the 
past  seven  years,  and  their  contimially  increasinq  .sale  is  the  best  proof  of  their 
superior  qualities. 

We  will  not,  however,  make  much  comment,  but  respectfully  refer  you  to 
the  Trade  Mark— TRY  IT.  f         J  J 


JUDGE  FOR  YOURSELVES-A  PENNY  PACKET  CAN 

BE  THE  TEST. 

Sold  hy  Corn  Dealers,  Grocers,  Oilmen,  8fc.,  Eoerywhere. 

M,VNU  FACTU  REB8  

DOVER  ROAD,  BOROUGH,   LONDON,  S.E. 
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QOLMAN'S 

GENUINE  • 

Mustard 

Is  the  PUEEELOTJB,  of  the  OTEST  MUSTAE.D  SEED, 
and  can  he  ohtained  of  all  G-rocers  and  Oilmen. 


TRADE  MABK. 


J.  &  J.  eOMAN'S 

Other  Qualities  are  admixtures  and  are  so 
notified  on  eacli  package. 

J.  &  J.  COLMAN  beg  to  call  special  attention 
to  the  fact  that  their  Genuine  Mustard  is 
always  labeUed  "WARRANTED  PURE," 
while  all  their  qualities  of  MIXED 
MUSTARD  bear  the  printed  notice—"  This 
preparation  is  an  admixture  of  Pure 
Mustard  with  Earina  and  Choice  Condi- 
ments."-/^5a^e  of  Food  <S>  Drugs  Act,  386-39  Vict.fCh.G^.) 


Jituatartt  ant  €axn-ficnx  ^axxnfacUxxn^, 
108  Cannon  Street,  London. 
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SMITHDALE'S 


Unrivalled  for  Purity 


and 


GENUINE 


Excellence. 


Ask 


NORWICH 


your  Grocer 


MUSTARD 

IS   THE  SiEST. 

SOVEREIGN  LIFE  OFFICE, 


48    ST.  JAMES    STREET,  S.W. 
•City   Branch— 122    CANNON  STREET, 

LONDON. 


The  last  Report,  copies  of  whicli,  with  the  statements  of  accounts,  can  bo 
obtained  on  application,  shows  that  a  sum  equal  to  40  per  cent,  of  tlie 
premium  income  was  added  to  the  funds,  while  the  general  income  was 
increased. 

349  Policies,  averaging  £o35  each,  were  issued. 

The  Directors  continue  to  make  adrancps  to  assurers  in  the  office  on 
■liberal  terms. 


Du.  ASHBURNEE. 
Col.  J.  P.  BATHUR,ST. 
JOHN  GARDINER,  Esq. 


Sir  J.  R.  CARMICHAEL,  Bart. 


CHAS.  AV.  REYNOLDS,  Esq. 
Sir  J.  E.  EARDLEY  WLLMOT 
Baet.,  M.P. 


H.  D.  DAVENPORT,  Secretary. 


Advertisements.  43  ■ 

GLENFIELD. 

THE 
QUEEN'S 
LAUNDKESS 
SAYS    THIS  STARCH 
IS  THE  BEST 
SHE  EVER 
USED. 

GLENFIELD. 

EICHIOID  &  CLAEKE,j 

F  R  O  M  E  . 

PURE  MALT  VINEGAR 

{Made  entirely  from  Grain) 
In  CASKS  of  12i,  25,  30,  50,  and  60  Gallons. 

Delivered  free  to  any  Railway  Station  within 
120  miles  of  Frome. 


Casks  alloiuecl  for  as  charged,  if  returned  in  good  condition^ 
PRICE  LISTS  ON  APPLICATION  AS  ABOVE. 
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EIGHT  GOLD  MEDALS  AND  GRAND  DIPLOMAS  OF  HONOUR 

For  BEST  QUALITY,  and  as 
FOUNDERS  of  a  NEW  BRANCH  of  INDUSTRY. 


LIEBie  COMPANY'S  EXTRACT 

OF  MEAT. 

Manufactured  by  Liebig's  Extract  of  Meat  Company,  Limited. 

No.   43    MARK    LANE,  LONDON, 

AT  THEIR  MANUFACTn-RIRS  IN  SOUTH  .UIERICA. 


^TRADE 


.MARI 


Thts  Extract  is  siipi)liea  to  the  British,  German,  French,  Russian,  Dutch,  Italian,  and 
•other  Governnionts,  in  prciference  to  all  other  Extracts. 

One  Pound  of  the  Extract  contains  the  soluble  parts  of  34  Ihs.  of  Fine  Beef,  free  from 
fat  and  gelatine. 

It  is  not  only  nsed  for  medical,  bnt  mtich  move  extensively  used  for  household  purposes 
.and  is  the  cheapest  and  finest  flavoured  stock  for  soups,  entrees,  sauces,  &c. 

DECLARATION. 

We  the  undersigned,  hereby  declare  that  LTEBIG  COMPANY'S  EXTRACT  OF  MEAT, 
from  FRAY-BEXTOS,  as  hitlierto,  must  be  examined  and  ajiproved  by  us,  before  it  can  be 
delivered  to  consumers  ;  and  that  consequently,  The  Extract,  prepared  strictly  according  to 
the  instructions  o!  the  inventor,  will  also  in  future  always  be  of  the  same  acknowledged 
uniform  excellence  and  perfection  as  hitherto. 

Munich,  May  1873. 


CAUTION. 

Every  genuine  Jar  bears  on  the  Certificate  Label  round  the  Capsule,  the  above- 
mentioned  two  .Signatures  of  PROFESSOR  DR.  MAX  VOX  P15TTKNK0FER  anrt 
B.\"RON  HERMANN  VON  LIEBItt.  and  across  the  Trade  MarC  Label  the  fac-stmilo  ot 
the  inventor,  BARON  JUSTUS  v.  LIEBIG,  in  blue. 

Sold  by  all  Grocers,  Italian  Wareliousemsn,  Chemists,  Provision 
Merchants,  and  Ship  Chandlers. 
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GEYELIN'S 

CONCENTRATED  EOOD 

FOR  THE  MILLION. 
10  PRIZES.  10  PRIZES. 


SOUPS. 

(Julienne.) 

These  Soups  are  used 
all  the  year  round,  aud 
are,  in  fact,  a  necessary 
to  improved  and  eco- 
nomic cookery,  as  evi- 
denced by  the  adoption 
by  all  the  principal 
cooks  in  this  and  other 
countries. 


MILK  FOOD, 

Which  is  manufactured 
on  the  same  principle  as 
their  celebrated  Beef 
Gravies,  in  a  dry  Pow- 
der, will  keep  for  years, 
and  is  highly  esteemed 
for  Breakfast,  or  Infants' 
and  Invalids'  Diet. 


Can  be  obtained  through  all  Chemists  and  Grocei-s,  or  at  their  AVai-chouse,  in  Canistera 
or  id.  Packets,  at  the  following  prices  : —  ' 


SOUPS. 


IN  CANISTERS 


Tapioca  Beef  Bouillon  . .  "V  g  ?    of  5  pints  1/-  each 
-----     '  -  g  I  12 


Arrowroot  Beef  Bouillon  I 

Bevalenta  [ 

Pea  Soup   I 

Mulligatawny  Soup 


12 
25 
*r)0 
100 


2/3 
4/6 
8/6 
16/- 


MILK  POOD. 

Tapioca  and  Cream 
Powder. 
Chocolate  Cream  Powder. 
Colfee  and  Cream 
Powder. 


*  Size  recommended  for  Family  use;  each  Canister  contains  a  measure  for  one  pint  of  Food. 


The  above  Soups  and  Milk  Food  may  now  also  be  obtained  in 

TWOPENNY  PACKETS 

Each  making  a  Pint  of  substantial  and  nutritious  Food. 


The  Soups  are  used  also  for  Enriching,  Thickening,  and  Colouring  Gravies 
Stews,  Hashes,  Minces,  Meat  Puddings,  Pies,  ^-c,  ' 

Packets  in  Paper  Boxes  of  Quarter-Gross   6,. 

And  in  Wood  Boxes  of  One  Gross  Packets       . .       . .       [  [  24j! 

Sample  Boxes,  containing  Six  Packets  of  diflferent  Soups  and  Milk 

Pood,  Is.  6d.  post  free. 


eETELIN  &  CO.,  Concentrated  Food  Manufacturers 

LONDON  :  BliLGRAVE  HOUSE,  ABQYLE  SQTJAEE,  W.C.  ' 
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WILLIAM    BAILEY    &  SON, 

BY  APPOINTMENT, 

Manufacturers  of  Cliemicals  for  TelegrapMc,  Photographic,  Pyro- 
technic, and  other  purposes.  Contractors  to  Her  Majesty's  War  Office, 
Admiralty,  Post  Office,  India  Office,  and  other  Government  Departments. 
Also  to  the  principal  Eaihvay  and  Telegraph  Companies  in  Great  Britain. 

Great  attention  is  r/iven  to  the  Manufacture  of  CheniicaU  and  othe?' 
Preparations  for  Covimej-cial  ajid  Scientific  Use. 

Works-IIORSLEY  FIELDS.  WOLVERHAMPTON. 
London  Offices-2  &  3  ABCHURCH  YARD,  GANNON  ST.,  E.G. 

The  following  Specialities  are  jmrticularli/  recommended. 

BAILEY'S  TANNATE  OF  SODA,  for  preventing  Incrustations  in  Steam 
Boilers,  and  removing  the  Scale  nlready  formed  therein,  a  considerable  saving  of  fuel 
being  also  effected.    Piucu  S6.s.  pun  Cwt. 

BAILEY'S  CLEANSING  POWDEE  possesses  A-ery  remarkable  detergent 
])roijcrtios,  and  v/lien  inbced  with  either  fresh  or  sea  water,  cleanses  everj-  variety  of 
Wood  or  Metal  to  w  hich  it  may  be  ajiplied.    PuicE  28*.  I'nit  CWT. 

BAILEY'S    SANITARY    FLUIB   is   specially  adapted  for  Purifying  the 

Atmosphere  in  Factories,  Workshops,  Hospitals,  and  Public  Institutiong,  and  for  dis- 
infecting purposes  generally.   Piuce  1*.  Gd.  per  Gai.los. 


DINNEFORD'S    FLUID  MAGNESIA. 

For  Thirty  Years  the  Medical  Profession  have  approved  of  this  piore  Solution  as 

the  best  remedy  for 

ACIDITY  OF  THE  STOMACH,  HEARTBURN,  HEADACHE,  GOUT,&  INDIGESTION, 

And  as  a  mild  Aperient  for  dehcate  Constitutions,  especially  adapted  for  Ladies,  Children,  and 

Infants.   When  combined  with 

THE  ACIDULATED   LEMON  SYRUP, 

It  forms  a  most  agreeable  effervescing  draught,  in  vrhich  its  aperient  and  cooling  qualities 
are  much  increased.  In  ■warm  seiiaons  and  warm  climates,  this  simple  preparation,  when 
taken  HEGULARLT,  has  been  found  highly  beneficial. 


DINKEFORD  &  CO.,  Cliemists  &c.,  172  New  Bond  Street,  london. 

Soldby  all  respectable  Chemists  throughout  the  World. 
Cautiox.— See  that  '  DINNEFORD  &  CO.'  is  on  each  Bottle,  and  Red  Label  over  the  Cork. 
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SANITARY  WATER  SUPPLY 

For  Town  and  Country  Residences,    Large  Buildings, 

Villages,  &c. 

MESSRS.  ATKINS  &  CO. 

Invite  attention  to  their  new  Improved  System,  recently  patented.  Tho 
most  perfect  method  of  insuring  abundance  of  pure  water  yet  introduced. 

Advice,  Drawings,  and  Estimates  for  Filtration  of  Water  upon  any  scale 
and  for  any  purpose. 

PROSPECTUS  FREE. 

f{?#  The  Only  System  in  use  at  the  Royal  College  of 
Surgeons,  Royal  Navy,  Lighthouses,  Indian  Army,  State 
Railways,  dc. 


HOXJSEHOLT>     FILTERS      FROM  6s. 

ATKINS  &  CO. 

Hydraulic  &  Sanitary  Engineers, 

62  FLEET  STREET 

>>  I ><  >.>,  E.O. 

\ 
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TO¥¥SO¥  &  lEECEE, 

89  Bishopsgate  Street  Within, 

LONDON, 

WHOLESALE  AND  EXPORT  DEALERS 

isr 

CHEMICAL  AND  SCIENTIFIC  APPARATUS. 


Manufacturers  and  Importers  of  Pure  Chemicals  and  Graduated 
Instruments  for  Analysis  and  the  Laboratory  Use  of  Manu- 
facturers, Mines,  Universities,  Colleges,  Medical  Officers  of 
Health,  &c. 

'Manufacturers  of  Electrical,  Galvanic,  and  Philosophical  In- 
struments. 


ILLUSTEATED  CATALOGUES,  Price  3d. 


The  Instruments  and  Apparatus  used  in  Dr.  HASSALL'S 
Laboratories  are  obtained,  for  the  most  part,  from  Messrs. 
TOWN  SON  d  MERCER. 
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PRIZE  MEDAL 

TOILET  SOAPS  &  PERFUMERY. 

YARDLEF&  CO., 

ESTftBUSHED  UPWftRDS  OF  100  YEARS, 

FANCY  SOAP  MAKERS 
AND  PEBFUMERS, 

7  VINE  ST.,  BLOOMSBURY,  LONDON,  W.C. 

And  5  RUE  DU  GRAND  CHANTIER,  PARIS. 

MANUFACTURE  HIGH-CLASS  SOAPS  ONLY, 

lowing  SP^TV-  V- 

Choic.  Old  Brown  Windsor  "V'^^^ap 

Musk  Scented  Windsor  aenuine  Honey  Soap 

Pure  mycerme  Soap  Cold  Cream  Soap 

White  Glycerine  Soap  Medicinal  Carbolic  Acid  Soap 

Patent  Sunflower  Oil  Soap  "^         Stockholm  Tar  Soap 

Elder  Flower  Soap  "     gulphur  Soap 

^|^!n°i'd°I?y.odine,e^p»i^i^ 

ALSO  BT/EiTDBSOMPTION  OF 

WASHES  AND  POMADES  FOR  THE  HAIR. 

CHEUM  TOOTH  PASTE,  YIOLEF  POTO,  &c.  &c. 


Advertisements. 


Just  Commenced, 
In  Monthly  Parts,  price  7d.  and  8^d. 

MCTIOMEYof'cOOKEEY. 

"^"tt  ElJe^Y^fc^^^^     COLOURED  PLATES  and  nume- 
rous  ElfGRAVINGS,  and  containing  nearly  Ten  Thousand 

Receipts  in  every  Department  of  British,  Continenirand  ASSn 
eStinTwork.^  ''""""^  ^^"'^         ^°°tained  in  a"? 

.nmSfr'f'"  CooKBET  begins  excellontly  weU,  and  when 

completed  should  be  a  true  household  '^n^svu^:-niustrlted  London  N^T 
Ut  aU  the  things  in  the  army  that  go  wrong,  cooking  goes  most  wron^ 
We  commend  Casseli,s  Dictionabt  op  Cookeb?  to  aU  ^sfieanTcookT  an^d 
all  sensible  officers'  wives.'-iVam^  and  Military  Gazette 

'"Meg  Dods."  and  "PrancatelU"  are  all  very  well,  but  for  households 
of  all  classes  commend  us  to  CAssExr's  DiCTioNAEr  of  Cookeet ' 

,rri,        I,     .  T     ^  Edinburgh  Laily  Beview. 

ins Jct'n^tLd  to^lll  "f""''  °" 

instructions  suited  to  all  classes,  and  yet  are  unable  to  produce  annetisiDfr 
wholesome,  and  elegant  repasts,  must  be  stupid  mAe.ee.: -NoftlTptoI&S 
V  Order  PART  I.  {including  Coloured  Plate),  price  S^d. 
^^^^^^I;;jTTEir&'^Ii:i^^  London. 

In  Monthly  Parts,  price  7d.  and  8Jd. 

CASSELL'S  ILLUSTRATED 

HISTORY  OF  INDIA. 

AirUr^v^i  PORTRAIT    of    HIS  ROYAL 

.  PRINCE   OF  WALES,  produced 

ZtTfHtZ  °Ti  %  "^'J'  ^'yl^'  and  quality, 

o/  ^rf,!.//'  i  .  °^  "^'^  MAJESTY  issued  with  Part  1. 

Ltra  t  n     H^T^^  "'^'''^  '"''"^'^  that  the 

Portrait  of  the  Prince  shall  form  a  COMPANION  PICTURE. 

^^^^^^^>  PE^^^^y^I™:!^^  London 
and  all  Booksellers. 


A  dveriisements. 


BONUS    YEAR  1875. 


North  British  &  Mercantile 

lESUEANCE  COMPANY. 

A  Valuation  to  ascertain  the  Pbofits  on  the  LIFE  ASSUEANCE  BUSINESS 
for  the  Five  Years  from  1st  January  1870  will  be  completed  early  in  1876. 

AU  Policies  opened  on  the  Participating  Scale  on  or 
before  the  31st  December  1875  will  be  included  in  the 
Scheme  of  Division. 

Nike-Tenths  of  the  Whole  Profits  are  allocated  to  the  Participatine 
Policyholders.  ° 

The  Bonus  at  the  last  Declaration  ranged,  according  to  the  age  of  the 
Policy  from  £1.  5s.  to  £1.  19s.  per  cent,  per  annum  on  the  Original  Sum 
Assured  the  principle  of  Division  being  to  declare  the  Bonus  not  only  on  the 
Original  Sum  Assured  but  also  on  the  previous  Bonus  Additions. 

The  Aceumidated  Funds  of  the  Life  Department  at  31st  December  1874 
■were  as  follows  : — 

1.  Life  Assurance  Branch       ....    £2,396,269  11  10 

2.  Annuities  Branch       ...  .         286,243  15  8 

The  Eevenue  from  Life  Premiums  and  the  Interest  on  tliese  Funds 
amountedfor  1874  to  £409,990  10.2 

Irrespective  of  the  Security  afforded  by  these  Funds,  Policyholders  hare 
the  general  security  afforded  by 

The  Subscribed  Capital   £2,000,000 

The  Paid-up  Capital   250,000 

The  Eates  of  Premium  chargeable  are  moderate  both  fo  •  Home  and 
foreign  Eesidence. 

Npav  and  specially  advantageous  Civil  and  Military  Eates  for  India,  China, 
&c.,_have  recently  been  introduced. 
Liberal  Conditions.    Policies  indisputable  after  5  years. 

ANNUITIES  of  all  kinds  are  granted  by  the  Company,  and  the  rates  are 
fixed  on  the  most  favourable  terms. 

Tables  qf  Rates,  and  full  information,  mat/  be  obtained  at  ano  of  the 
tompanys  Offioies  or  Agencies  in  the  United  Kingdom. 

DAVID  SMITH, 
h'ovember  1876.  gcwcm^  Manager. 

rMj.r-r-  ^  fEDINBUEGH,  64  PEINCES  STEEET. 

OHIEF  OFFICES-^  LONDON,  61  THEEADNEEDLli  STEEET. 

I  ( West-end  Office)  8  WATEELOO  PLACE. 


Advertisements. 


C0^/,P0S1T10N  KNOWN  &  APPROVED  BY  THE  MEDICAL  PROFESSIOM 


tOWLE'Sj  - 


EEVOWNED  FOR  GIVING  SPEEDY  EELIEF  IN 
COUGHS,  CONSUMPTION, 
ASTHMA,  BRONCHITIS,  DIARRHCEA,  CHOLERA,  SPASMS, 

SEA-SICKNESS, 

AND  MOST  AFFECTIONS^OF^EJERVOUS  SYSTEM. 

rpHE  value  of  Chlohobtkk  depends  upon  the  -^egrity  of  its  Manufe^^^^^ 
l     a   ;v.f-rr,onf  \t  IS  necessary  to  Oaution  tne  ruuuc  i. 


E  val..e  of  Chlobosykb  "»P"","r  the  Public  to 

Government  Stamp.  ^  _  

The  Proprietor  is  constantly  recei.mg  Uttcrs-a.im  Extracts  only  can  he 
•  .  vublished.  „  - 

^     ^1  4„  '  A  woman  in  my  district.  C7  years  of  age,  for  many 

I-rom  a  Gentleman,  in •^„^°!?J  ;  L  "  ^ 
yefrs  a  suiferer  from  Asthma,  l''^^        ^'""^^f  ^^'^ ^  earned  up-staii-s  to  bed. 

When  I  saw  her  fir.t  she  was  unable  to  move  a^^^^^^^^^^^  ana  na 

When  I  saw  bar  again,  after  taking  yonr  CMorodjne  ^l^^  ^^^^^j^j^^       Ufe."  '  .  .  .  . 
stairs,  and  make  her  own  bed-she  said,    she  belie  e^  ^  ^^^^^  ^^^^^^ 

Prom  a  Gentleman,     — I  f^^^^^^^^^^  to  no  use.  A  Lady  friend  per- 

years,  and  have  tried  Doctors  and  ^^'^^"^Jf/.^^e  yon  you  have  our  warmest  thanki»for  the 

Lungs  in  less  than  a  week.  seriously  attacked  with  Griping  Pains 

Prom  Ashton.-' Myself,  Wife,  and  Ohild  were  s^^^^^^  Chiorodyne,  gave  each  a 

Price  13|d.,  2s.  9d.,  and  4s.  6d.,  with  full  Directions. 

CHLORODYNE^  LOZENGES 

Of  superior  Quality  and  Strength. 
EACH  LOZENGE  STAMPED  'TOWLE'S  CHLOBODYNE.- 


TOWLE'S 


xnwi  F'S     CHLORODYNE  JUJUBES, 

.enTd?pt^fo'rcl.?OV.fEi:P^B^^^^^  and  for  aU  THBOAT  and  CHEST 

Should  a.y«^^^J^^^;^^ 

A..    I?.  TOWLE, 
Chiorodyne  Manufacturer,  75  Back  Piccadilly.  Manchester. 
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